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P R E F A C E 
The etiology of congenital malformations in humans has interested embryo-
logists, orthodontists, geneticists, pediatricians and workers in other fields of 
medicine or related sciences for the last century. Cleft palate is one of the most 
common congenital malformations, and its pathogenesis is not fully understood. 
Recently, several teratogenic agents have been used successfully in the produc-
tion of cleft palate in laboratory animals. However, the conclusions drawn from 
these studies are, most of the time, diverging. 
It was felt that an essential contribution to the knowledge on the embryo-
logical development of the normal secondary palate and experimental cleft 
palate could be presented by a combination of in vivo and in vitro experiments 
employing standardized material and techniques. Several teratogenic agents 
have been used in an aim to improve our understanding of the pattern of cleft 
palate formation. In addition, autoradiographic techniques have been employed 
to evaluate the changes at the cellular and intercellular level during normal or 
abnormal development of the secondary palate. 
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CHAPTER I 
G E N E R A L I N T R O D U C T I O N 
The development of the secondary palate has interested many workers in several 
fields of medicine. The secondary palate constitutes the roof of the oral cavity 
and separates the oral from the nasal cavity. 
When the separation between the oral and the nasal cavities formed by the 
secondary palate is incomplete at birth, this condition is referred to as cleft 
palate. 
Cleft palate in human beings is found in a variety of types and is one of the 
common congenital malformations. It is a severe and handicapping anomaly. 
It mars the facial esthetics and disturbs the mastication, deglutition, respiration, 
and speech. It frequently leads to psychological problems too. 
The statistics concerning the incidence of congenital clefts of the lip and 
palate in humans vary from i : 770 (Cannon et al., 1951) and ι: 900 (Mac Mohan 
and McKeown, 1953) to 1: 1270 (Fogh-Andersen, 1942) live births. Its patho­
genesis has been studied intensively on human abortus material and on labor­
atory animals with artificially produced cleft palate. However, still no con­
formity of opinion exists regarding the mechanism of cleft palate production. 
In the present chapter an attempt will be made to put forward the most im­
portant theories and controversies regarding the normal embryological devel­
opment of the secondary palate and the pathogenesis of cleft palate. 
A. NORMAL PALATAL CLOSURE 
The closure of the secondary palate as described in text-books can be summar­
ized as follows : 
The palatal processes in early embryonic stages appear as downward directed 
vertical projections. At this phase the tongue occupies the space between the 
two processes and fills also the oro-nasal cavity. At a certain embryonic stage 
the processes assume a horizontal position superior to the lowered tongue. 
Then the processes grow towards each other and fuse in the midline. 
Uniformity of opinion exists regarding the above mentioned vital aspects of 
the palatal closure and is considered to be the same for humans and animals. 
On the other hand, most of the investigations employing human abortus em-
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bryos and various laboratory animals as study material, are not in accord with 
each other regarding: how the palatal processes change their position from 
vertical to horizontal and from which region this change in position first 
commences. 
Regarding the mode of the change in position of the processes, Peter (1924) 
presented the more or less generally accepted concept that the processes change 
their position by rotation. He proposed that the tongue plays an active part 
in the elevation of the processes and in the change from a vertical to a horizontal 
position. Schaeffer (1920) stated that differential growth of the processes leads 
to the change in position. Similarly, Lazzaro (1940) concluded that an increase 
in the intercellular substance of the processes prior to the change in position 
plays an important role. 
An entirely new view in this respect has been proposed by Pons-Tortella 
(1937) who explained that the change in position of the palatal processes occurs 
by a regression at the inferior border of the processes and a concomitant out-
growth from the medial border. The authors mentioned above as well as Pons-
Tortella (1937) arrived at their conclusions after studying human abortus em-
bryos. The view of Pons-Tortella (1937) has been supported by Walker and 
Fraser (1956) who studied mouse embryos, and only regarding the inferior 
border of the posterior region by Coleman (1965) who studied rat embryos. 
Recently several investigations have been conducted in a search for a phy-
sico-chemical basis for the movement of the palatal processes prior to the fusion 
(Larsson, i960, '62a; Walker, 1961; Jacobs, 1964b, ,64d). These studies con-
cluded that mucopolysaccharides play a decisive role in the change in position 
of the palatal processes. 
Regarding the region from which the change in position first commences, 
very few authors have specified the exact site. Walker and Fraser (1956) re-
ported that the change in position of the processes occurs in a wave-like motion 
which commences in the posterior region and progresses anteriorly. Recently, 
a new view has been expressed by Andersen and Matthiessen (1967) that in 
the human embryos they studied the palatal processes were horizontal in the 
anterior region from the outset and the elevation movement mostly occured in 
the posterior region. 
Most of the relevant studies come to the conclusion that the area of initiation 
of the palatal fusion is located in the anterior region. However, disagreements 
do exist regarding the precise site of initiation (Stark and Ehrmann, 1958; 
Coleman, 1965). 
It must be pointed out here that extreme caution should be taken into ac-
count regarding the comparison of studies conducted on human material and 
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animal embryos, in which in every species different strains of animals have to 
be distinguished. On the other hand, it was noted during the review of the 
present subject that the findings of most of the studies conducted on rats or 
mice agree with the findings obtained from human abortus embryos. However, 
contrary to this, the findings of several investigations differ from each other, 
even when similar material was employed. 
Regarding the deviation in opinions created by the findings of the many in­
vestigations on the embryological development of the secondary palate, a 
number of factors are of interest. Most of these have also been recognized by 
other workers. 
a. The differences in interpretation of the findings. 
b. Deficient three dimensional survey of the regions (Patten, 1961). 
с Non-standardized histological techniques (Streeter, 1951). 
d. Deficient or inaccurate terminology (Andersen and Matthiessen, 1967). 
The first part of the present investigation was undertaken to study the events 
taking place before and during the fusion of the palatal processes in relation 
to the development of the surrounding areas, namely the nasal septum, the 
tongue, and the maxillary and mandibular regions. The normal palatal closure 
was studied in Wistar albino rat embryos both macroscopically and microsco­
pically. Experiments were also conducted to study the palatal closure in vitro 
for a better understanding of some factors related with fusion which normally 
are unapproachable in the in vivo investigations. Radioactive isotopes were 
employed in the in vivo experiments to study the cellular and intercellular acti­
vity prior to and during the palatal closure. By combining the in vivo, in vitro 
and autoradiographic findings, an attempt was made to clarify some of the con­
troversies and to throw an additional light on the subject of the closure of 
the secondary palate. 
B. THE PATHOGENESIS OF CLEFT PALATE 
Cleft palate has been studied in detail in human abortus embryos. But the 
findings of these studies are usually limited due to the small size of the sample. 
Further, they do not reveal information regarding the cause of the malformity. 
This holds also true for studies on living children with cleft palate. In humans 
it is difficult to determine whether the malformation is produced primarily by 
genetic or by environmental factors. 
Much recent information on the pathogenesis of cleft palate has been ob­
tained by animal experiments. It is possible to produce cleft palate in laboratory 
animals in several ways i.e. by administration of various chemicals and drugs, 
and by employing certain metabolic and mechanical agents. Further, the inci-
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dence of cleft palate can be decreased or increased by inbreeding certain strains 
of mice. The investigations carried out on experimental animals have presentted 
several conflicting theories regarding the pathogenesis of the induced cleft palate. 
An attempt will be made here to describe the most relevant theories, attri­
buted to the production of cleft palate. For a systematic appraisal the theories 
will be divided into three broad categories, based on the mode of the production 
of cleft palate. 
a. Genetic factors 
Warkany and Kalter (1961), reviewing the causes of congenital malformations, 
stated that the first order of causes is genetic. Fogh-Andersen (1942, '46) stu­
dying cleft palate in humans showed that in many cases of isolated cleft palate 
and cleft lip with or without cleft palate, a genetic predisposition was probably 
interacting with unidentified environmental circumstances. 
Several studies on experimental animals have demonstrated close relation­
ship between the production of cleft palate and the genotype of the mother or 
that of the foetus (Kalter, 1954, '57; Fraser et ai, 1954, '57; Fraser, i960; 
Walker and Crain, i960). 
Recently it has been reported that a single recessive gene, the short head, 
produces cleft palate in mice (Fitch, 1961a, 'біЬ). Several other genes which 
produce cleft palate have been ascribed to the house mouse (Gluecksohn-
Schoenheimer and Dunn, 1948; Bennet et al, 1959; Reed and Snell, 1931). 
b. Mechanical factors 
Several mechanical factors have been shown to lead to the production of cleft 
palate. Some of these are anoxia (Ingalls et al., 1950), uterine circulatory arrest 
(Field et al., i960), hypothermia (Smith, 1957) and amniotic puncture (Trasler 
et al., 1956; Walker, 1959; Trasler and Fraser, 1963). 
The possible causes of the production of cleft palate after the application of 
mechanical agents have been summarized by Walker (1959). The basic aspects 
of these studies will be described somewhere else. 
[Maternal radiation has also been reported as one of the causative factors of 
cleft palate (Russell and Russell, 1952)]. 
с Chemical factors 
Since the present investigation deals with this aspect to a large extent, a more 
detailed review of the studies conducted in the past will be given. This will 
help in sorting out some of the existing controversies. 
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It has been reported that the majority of the chemical agents given to certain 
species during the first half of the pregnancy, result in the production of cleft 
palate (Fraser, 1964). 
The most commonly employed teratogenic agents under this category are: 
a. Vitamin deficiencies during pregnancy: vit. A (Hale, 1935), vit. B2 (War-
kany et al, 1943), vit. E (Cheng and Thomas, 1953), niacin (Pinsky and 
Fraser, 1959), folic acid (Asling et ai, i960). 
b. General maternal nutritional deficiency (Warkany and Nelson, 1940; 
Warkany, 1944). 
с Excessive doses of vitamin A (Cohlan, 1953) and also in combination with 
hormones (Milien and Woollam, 1957; Yamaguchi, 1967; Lotosh, 1968). 
d. Cellular toxins such as azaserine (Murphy and Karnofsky, 1956), nitrogen 
mustard (Haskin, 1948), ethylurethane (Nishimura and Kuginuki, 1958) and 
5-fluorouracil (Dagg, i960). 
e. Hormones such as cortisone (Fraser and Fainstat, 1951; Schwartz and 
Chaudhry, 1968), hydrocortisone (Ingalls and Curley, 1957), ACTH (Heiberg 
et al., 1959), equine serum gonadotrophin (Nishimura and Shikata, 1958), 
estrogens (Nishihara, 1958), partial thyroidectomy (Langman and van Faassen, 
1955) and Dexamethasone sodium phosphate (Pinsky and DiGeorge, 1965). 
f. Other agents such as caffeine (Nishimura and Nakai, i960), 6-aminonico-
tinamide (Pinsky and Fraser, 1959), triamcinolone (Walker, 1965) and methyl-
salicylate (Warkany and Takacs, 1959). 
All these agents, given in an effective dose and at a critical stage of the de­
velopment of the embryo, lead to cleft palate and other associated anomalies. 
However, controversies do exist regarding how these teratogenic agents act and 
how they produce cleft palate. 
Even in some instances where the same strain of animal and the same drug 
was used, the obtained results do not conform with each other. Cortisone ace­
tate and hypervitaminosis A have been successfully employed as teratogenic 
agents to produce cleft palate just as well in the past by others as in the present 
investigation by the author. Therefore, a brief review of the existing relevant 
theories will be presented here. 
Walker and Fraser (1956, 1957) stated that cortisone acetate, when given to the 
pregnant mice, interferes with the internal force within the palatal processes, 
which, in their view, forces them to change their position from a vertical to a hori­
zontal plane. They localized this force in elastic fibers, present in the palatal 
processes. Later other workers could not support the findings of Walker and 
Fraser (1956) regarding the presence of elastic fibers (Stark and Ehrmann, 
1958; Loevy, 1962; Frommer, 1968). 
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Larsson (1962b) found that compared to the normal situation the mucopoly-
saccharide synthesis was considerably less in the palatal processes from corti-
sone acetate treated mouse embryos. 
Several divergent opinions exist regarding the mode of cleft palate production 
after the administration of high doses of vitamin A. 
Giroud et al. (1957) reported that vitamin A has a direct effect on the foetus, 
as they found an increase in vitamin A content of the liver of foetuses from the 
treated pregnant rats. 
Walker and Grain (i960) suggested that hypervitaminosis A causes delay in 
the initiation of the movement of the palatal processes in mice. This observation 
was not supported by Kochhar and Johnson (1965) in their study on rats. How-
ever, they confirmed the finding of Deuschlee/a/. (1959), regarding the presence 
of maxillo-mandibular ankylosis in mouse embryos with cleft palate. Kochhar 
and Johnson(i965) did not support the findings of Larsson (1962b), indicated 
above. Contrary to him, they found an increase in the content of sulphated 
mucopolysaccharides of the ground substance of the mesenchyme of the palatal 
processes of rat embryos with cleft palate after the administration of vitamin A. 
Takekoshi (1964) concluded that it is impossible to draw any definite con-
clusion as to the mechanism of the teratogenic action of hypervitaminosis A. 
But he believed that there was a close relation existing between the teratogenesis 
and the fall in the blood concentration of the thyroid hormone in vitamin A 
treated rats. 
Woollam and Milien (i960) conducted series of experiments in which they 
administered vitamin A to rats in combination with different hormones. They 
found that the incidence of embryos having cleft palate increased when vita-
min A was given with cortisone or methylthiouracil, and was decreased when 
given with insulin and thyroxine. They concluded that their findings lend sup-
port to the view that hypervitaminosis A produces its effect by interfering with 
the carbohydrate metabolism of the developing embryo. Cohlan and Stone 
(1961), conducting similar experiments, could not support the findings of 
Woollam and Milien (i960). 
This short review shows that the administration of various drugs in abnormally 
high doses, or the creating of severe dietary deficiencies in laboratory animals, 
have been studied basically for two main reasons. One is to find out the cause 
of the toxicity and the second is to study their effect on the various systems of 
the body including the secondary palate. The natural variation in the maternal 
protection of the embryo influences the reliability of the results of the in vivo 
studies. This aspect has been partly overcome by the use of in vitro techniques 
in the field of teratogenesis. 
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Only recently organ culture methods have been employed to study the palatal 
closure (Moriarty et al., 1963) and the effect of some teratogenic agents on the 
normal palatal closure in vitro (Myers, 1967; Pourtois, 1968). In vitro methods 
have many limitations, but, on the other hand, they make it possible to study 
the dynamic processes, associated with the palatal closure, under normal and 
abnormal conditions in a longitudinal way. 
In the present investigation three drugs namely, vitamin A, cortisone acetate, 
and Dexamethasone, and the combination of the first two drugs were admi­
nistered to pregnant Wistar albino rats to study their effect on the development 
of the secondary palate, and when, how and why, if at all, it deviates from the 
normal development. Histological techniques were used in the study of the 




M A T E R I A L A N D M E T H O D S 
This chapter will deal with the general information regarding the material, 
methods, and techniques used in the present investigation. The details of the 
individual experiments will be given in the pertinent chapters. 
GENERAL REMARKS 
In the present investigation, Wistar albino rats were used. The rats were ob­
tained from T.N.O.1 Delft, The Netherlands. The animals were kept under 
normal laboratory conditions in the Central Animal Laboratory (Head: Dr. 
vet. M. J. Dobbelaar) of the Faculty of Medicine, University of Nymegen, 
The Netherlands. 
The Wistar strain was chosen because information was found to be lacking 
on this particular strain regarding the prenatal development of the normal se­
condary palate and the development and pathogenesis of the experimental cleft 
palate. Furthermore, additional information regarding behaviour, reproduction 
pattern, and growth and development of the craniofacial complex of this strain 
was available from previous investigations conducted in the Department of 
Orthodontics of the University of Nymegen (Duterloo, 1967; Prahl, 1968; 
Vilmann, 1968; Jefferys, 1969). 
a. Embryo age determination 
The female Wistar rats were placed together with the male rats of the same 
strain from 4.00 p.m. to the following 8.00 a.m. Upon this the vaginal plug 
was looked for and vaginal smears were made as an indication for copulation. 
It was assumed that in cases of positive recording, copulation had taken place 
at midnight. The day following was indicated as day 0 and subsequent days 
as 1, 2, 3, and so on. 
The pregnant rats were put in separate cages, in groups of 2 or 3 and fed 
with Hope Farms 2 rat biscuit. Water was available ad libitum. 
1
 De Centrale Organisatie voor Toegepast-Natuurwetenschappelijk Onderzoek. 
1
 The Central Organization for Applied Scientific Research in The Netherlands. 
1
 Hope Farms Standard Laboratory Diet R.M.H.-B, Hope Farms, Leiden, The Netherlands. 
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In all the experiments about half of the pregnant rats were sacrificed at a 
particular day by decapitation at 9 a.m. and the remaining ones at 4 p.m. This 
resulted in two groups of embryos with about 7 hours of difference in age, and, 
by this, the obtainable information was increased. 
b. Selection of teratogenic agents 
Vitamin A palmitate1 and two steroid preparations, namely cortisone acetate 
and Dexamethasone phosphate2, were employed in the present investigation to 
study experimental cleft palate. Vitamin A was preferred as one of the terato-
genic agents for the production of cleft palate on the basis of the information 
presented by Cohlan (1953), Giroud and Martinet (1955, '56), Milien and 
Woollam (1957) and Kochhar and Johnson (1965). One of the other two drugs, 
cortisone acetate has also been used successfully by several workers for the 
same purpose as the one of this study (Fraser and Fainstat, 1951 ; Walker and 
Fraser, 1957; Chaudhry and Siar, 1967). 
Vitamin A palmitate and both steroid preparations were administered to 
pregnant rats in different concentrations after dilution in normal saline. 
c. Dosage of drugs 
The proper dose to obtain cleft palate in experimental animals is rather critical. 
A too high dosage of a teratogen given to a pregnant mother can kill her or 
may lead either to resorption of the embryos or to excessive anomalies. Pre-
liminary experiments showed that the production of congenital anomalies, in-
cluding cleft palate, was usually effected by the dosage between 20.000 to 
60.000 I.U. of vitamin A given once a day, and by 0.25 mg to 1.0 mg of Dexa-
methasone twice a day. Cortisone acetate did not appear to lead to the effects 
aimed for. The dosage investigated for that purpose ranged from 2.5 mg to 10 
mg twice a day. Cortisone acetate has been used in this study mainly in com-
bination with vitamin A. 
d. Mode of drug administration 
Excessive amounts of vitamin A produce many kinds of malformations when 
given to pregnant rats by gastric tube (Cohlan, 1954), but not intraperitoneally 
(Gebauer, 1954) or subcutaneously (Milien and Woollam, 1957). 
After studying the consequences and eflTects of différent ways of administra-
1
 Commercial name: 'Arovit', Roche, Basle, Switzerland. 
2
 Commercial name: 'Oradexon', Organon, Oss, The Netherlands. 
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tion of vitamin A, the gastric tube approach was preferred for the present 
study Both steroid preparations were administered subcutaneously to obtain 
an effective level of circulating steroid and to avoid serious alterations in the 
maternal metabolism (Greenspan et al, 1953, Gunberg, 1957) 
e Period of drug administration 
Various studies in the past have shown that the age of the embryos at the first 
day of administration of the teratogenic agent and the length of the period of 
drug supply are of essential importance in controlling the type, the degree, and 
percentage of the anomalies produced (Giroud and Martinet, 1955, '56, Baxter 
and Fraser, 1950, Fraser et al, 1954, Walker and Fraser, 1957) 
On the basis of the findings reported in the literature and the results of our 
preliminary studies, the drugs were administered on either day 8, 9, or 10 of 
gestation and were given until day 11, 12 or 13 
E X P E R I M E N T S IN VIVO 
The in vivo experiments were conducted to study the development of the normal 
secondary palate and the cleft palate macroscopically, microscopically and by 
employing autoradiographic techniques 
a Administration of drugs 
Vitamin A was injected directly into the stomach by a rubber tube attached 
to an injection syringe Both steroid preparations were administered subcuta­
neously For the three drugs and in all concentrations, 0 5 ml of normal saline 
was used as dilutant No anaesthesia was employed 
b Recovery of the embryos 
The pregnant rats were sacrificed by decapitation The abdomen was opened 
the embryos were recovered after taking the uterus out They were freed of 
their membranes and placed in 90 X 15 mm Petri dish containing normal saline 
The gross examination of the embryos was made first by naked eye and subse­
quently under the dissection microscope 
With the help of a sharp blade the tongue and the mandible of a few embryos 
of each rat were removed This provided special access in the examination of 
the morphology of the palatal area 
с Histologic techniques 
The embryo heads and, in some instances, the whole embryos were fixed in 
Bourn's solution After embedding in paraffin, sections of 7μ thickness were 
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cut in frontal and sagittal planes. The paraffin sections were stained with 
haematoxylin-eosin (Delafield), toluidine blue (0.05% in aqua dest), tri-
chrome (Goldner), and Van Gieson's staining methods. The haematoxylin-
eosin was used for the overall picture, Toluidine blue for the detection of 
mucopolysaccharides, and the last two mentioned as connective tissue stains. 
d. Autoradiographic techniques 
Radioactive sulphate1 (3 5S04): Radioactive sulphate was employed in the pre­
sent investigation to study the metabolism of sulphatcd-mucopolysaccharides 
in the normal and abnormal development of the secondary palate. A single 
injection was given intraperitoneally to rats on the 13th, 14th and 15th day of 
pregnancy. The dosage used was 20 ц С ^ т body weight of the pregnant rat. 
The rats were sacrificed 48 hours after the administration and the embryos 
were fixed in Bouin's solution for one day. 
The embryo heads were embedded in paraffin and sectioned serially. To 
obtain easily comparable autoradiographic results, the paraffin sections of the 
corresponding areas of the normal embryos were placed with those of the ex­
perimental ones next to each other on the same slide. The autoradiographs 
were prepared using the stripping film, Kodak AR 10 (Wijffels, 1968). The 
exposure time was 3 weeks. Later the sections were stained with haematoxylin-
eosin (Mayer) and toluidine blue (Bergeron, 1958). The findings were evaluated 
microscopically and by studying the photographs made of the areas of interest. 
Tritiated thymidine1 (3H-Tdr): Tritiated thymidine was injected directly into 
the amniotic sac of the living embryos of normal and drug treated rats on days 
16 and 17 of gestation to study the cell proliferation of the palatal processes 
before and after their fusion with each other. 
For that purpose the rats were anaesthetized by ether and the abdomen was 
opened by making an about 3 cm long incision. The first three embryos from 
the right cornua of the uterus of each rat were gently taken out of the abdo­
minal cavity and 15 μΟ of tritiated thymidine was injected into their amniotic 
sac. After this the embryos were placed back in the abdominal cavity and the 
incised area was sutured. 
The rats were anaesthetized again after 4 hours and the sutures were opened. 
The embryos injected with tritiated thymidine were recovered and fixed in 
Bouin's solution. The method used prior to the autoradiographic treatment 
was the same as described for radioactive sulphate. The autoradiographs were 
1
 Radiochemical Center, Amersham, England. Sodium Sulphate-3^, S.J. 162, 100 mCi/mM. 
2
 Radiochemical Center, Amersham, England. Thymidine (mcthyl-T) 5 Ci/mM, TRA. 120. 
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prepared using the dipping method with Ilford K.-5 in gel form (Wijffels, 1968). 
The sections were stained with haematoxylin-eosin (Mayer). 
EXPERIMENTS IN VITRO 
The in vitro experiments were conducted to study the development and fusion 
of the palatal processes of the normal and drug treated rat embryos. The 
embryos were recovered at varying ages of gestation, which will be described 
in detail later in the study. 
a. Operating procedures (Figs II-1, 2) 
The pregnant rats were killed after ether anaesthesia. The abdomen was opened 
systematically, first by cutting the skin, and then the muscles. Under sterile con­
ditions the uterus was gently taken out and was placed in a Petri dish containing 
Hank's balanced salt solution (BSS). The embryos were then removed from the 
uterus and after being freed of their membranes, were placed in another Petri 
dish containing Hank's BSS. 
The technique of Moriarty et al. (1963) was employed to prepare expiants 
for organ culturing. One embryo at a time was taken out from the Petri dish 
and was placed in another one on top of a 4 χ 4 cm gauze pad saturated with 
Hank's BSS. The mouth of the embryo was opened by pressing at the neck 
region with the help of a pair of tweezers. Through the oral opening, an incision 
was made with a thin blade, thus separating the head portion of the embryo 
from the mandibular region and rest of the body. The maxillary portion of the 
head was resected by making an incision parallel to the previous one at 1 to 
1.5 mm more cranially. The tissue lying posterior to the palatal processes was 
cut and discarded. Finally, the tongue was removed if still found to be lying 
between the palatal processes. 
The tissue obtained in the way just described for culturing included the 
primary palate, the maxillary ridges, the palatal processes and part of the nasal 
septum. It was about 3 to 4 mm in length, 3 to 4 mm in breadth and 1 to 
1.5 mm in depth. 
b. Organ culture method (Figs II-3, 4) 
The basic medium used in the present study contained NCTC 1091 mixed with 
bovine serum, to which Penicillin was added as suggested by Pourtois (1968). 
NCTC 109 is a sterile chemically defined medium, prepared according to the 
1
 Baltimore Biological Laboratory, BioQuest Division, Cockeysville, Maryland, U.S.A. 
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formula of Evans et al. (1964). The amounts of the three ingredients used in 
the final culture medium were as follows: 
a. NCTC 109 45.00 ml 
b. Bovine serum 5.00 ml 
с Penicillin 5000 IU 
The expiants were cultured in Falcon1 plastic disposable organ culture dishes. 
The dish has a trough on its outer periphery and a well in its center which 
is 19 mm in diameter and 4 mm deep. One ml of culture medium was placed 
in the center well of the dish and 5 ml of distilled water in the outer trough 
containing an absorbant ring for humidity control. The expiant was placed in 
the center well on top of an Organ Culture Grid1, made of nontoxic stainless 
steel. The shape of this grid is triangular and its legs extend approximately 
13 mm from the center. The tips of the grid are stepped down to 1.5 mm to 
fit over the center well. The complete organ culture procedure was carried out 
under sterile conditions. 
The dishes were closed and incubated at 37o С. The period of incubation 
varied from 24 hours to 8 days. The same culture medium was used throughout 
the period of incubation, except in some exceptional instances. 
c. Addition of teratogenic agents to the basic medium 
Vitamin A and Dexamethasone were added to the basic medium to study the 
direct action of both drugs on the development and fusion of the normal palatal 
processes. 
The drugs were added in the varying concentrations, ranging for vitamin A 
from 10 to 50 I.U. and for Dexamethasone from 0.01 to 7.5 μgm, in 1 ml of 
basic medium. Ethanol was used as dilutant for the drugs. In some cases 
distilled water was also used as a vehicle. The final volume of the vehicle in 
1 ml of basic medium was 0.0015 mi-
After the termination of the incubation period the cultured expiants were 
fixed in Bouin's solution, embedded in paraffin, sectioned serially, and were 
stained with haematoxylin-eosin (Delafield) and toluidine blue (0.05 % in aqua 
dest). The thickness of the sections was 7 μ. 
1
 Baltimore Biological Laboratory, BioQuest Division, Cockeysville, Maryland, U.S.A. 
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II-I. Diagrammatic representation of the cutting procedure employed for preparing expiants. 
(A) denotes the first cut separating the head from the mandibular region and the rest of the 
body. (B) is the second cut, cranial to the previous one, separating the maxillary portion from 
the remaining part. (C) denotes the part used for cultunng. 
11-2. Oral view of the cut part (C) obtained by the dissection procedure indicated in the previous 
diagram. The tissue posterior to the palate was cut and discarded. The part used for culturing 
includes palatal processes ( Ρ'), primary palate (PP), maxillary ridges ( MR), and labial area (L). 
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II-3 Diagram showing organ culture dish The dish contains a center well (A), absorbent ring 
(B) for humidity control, and stainless steel grid (C) For cultunng, one ml of culture medium 
was placed in the center well (A) The expiant wat placed on top of the stainless steel grid (C) 
and 5 ml of water was poured on the absorbent ring ( B) 
II-4 Organ culture dish is closed, expiant is in Us place, and whole set-up is ready for incubation 
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CHAPTER III 
T H E D E V E L O P M E N T O F T H E N O R M A L 
S E C O N D A R Y P A L A T E IN VIVO 
INTRODUCTION 
As described in Chapter I, several divergent theories have been presented on 
the prenatal development of the secondary palate. The differences of opinion 
are mainly concentrated on: 
a. how the palatal processes assume a horizontal position prior to fusing 
with each other; 
b. where the change from the vertical to the horizontal position of the palatal 
processes commences, and, 
с where the initiation of the fusion of the horizontally oriented palatal pro­
cesses begins and how it proceeds. 
The experiment was undertaken, firstly, to study these three aspects, and 
secondly, to obtain information on the normal palatal development in Wistar 
albino rat embryos. This will serve in the evaluation of the experimentally 
induced palatal abnormalities to be described later on. 
MATERIAL AND METHODS 
A total of 20 pregnant Wistar albino rats was used in the present experiment. 
Four rats were sacrificed each day, from day 14 to 18 of gestation. From each 
mother 4 embryos were obtained for histologic study and the remaining ones 
were analysed macroscopically. In total 16 embryos of each day were studied 
histologically and the number evaluated macroscopically ranged from 15 to 22. 
As described in the previous chapter, the embryo heads used for histological 
study were fixed, embedded, serially sectioned, and stained with haematoxylin-
eosin (Delafield) and toluidine blue. 
FINDINGS 
f 4 day old embryo (figs III-i and 5) 
The palatal processes were found to be positioned in a downward vertical di­
rection, nearly parallel to each other. The space between them was occupied 
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by the main bulk of the tongue, which showed slight concavities on its lateral 
margins corresponding to the palatal processes. This phenomenon was more 
marked in the anterior than in the posterior region. 
The mass of the palatal processes was composed of loose and undifferen­
tiated mesenchymal cells. It was lined by ι or 2 layers of cuboidal epithelial 
cells on its projected ends, increasing to 3 or 4 layers on the medial and lateral 
surfaces. 
No essential systematic differences were observed between the embryos whose 
age differed by 7 hours. But, in a few of the older specimens, the processes in 
the anterior region were slightly inclined to the medial. 
/5 day old embryo (figs III-2, 6 and 7) 
The palatal processes were found to be positioned inferio-medially in the an­
terior region (fig. II1-6) and vertically in the posterior region (fig. III-7). The 
cellular picture of the processes was quite similar to the one observed at day 14 
of gestation. 
No systematic differences were observed between the embryos separated by 
a 7 hour difference in age. 
Compared to the situation observed in the 14 days old embryos, the processes 
were bulbous, particularly in the anterior region. Furthermore, the concavities 
on the lateral borders of the tongue were more pronounced, particularly in the 
anterior region. Overall, the contours of the tongue, here also, corresponded 
to those of the oro-nasal cavity. 
The size of the embryo heads was considerably larger in the older than in 
the one day younger animals. In the sagittal sections, this was clearly seen for 
the mandibular and nasal areas (fig. III-2). In these same sections, the tongue 
was found to be less curved than in the younger specimens. 
16 day old embryo (figs III-3, 8, 9, 10a, b, c, d, e, and f) 
Anteriorly, the palatal processes were found in a horizontal position and now 
superior to the tongue (fig. III-8). Posteriorly, the processes were also horizon­
tally oriented but were small in size. There, the superior surface of the tongue 
was more curved and corresponded also to the contour of the processes 
(fig. III-9). The space present between the two palatal processes was the smallest 
in the middle third of the anterior half. 
The mesenchymal tissue of the palatal processes was found to be slightly 
organized and the cell density was more intense near the future fusion area. 
The area of the processes facing each other was lined by 2 or 3 layers of colum­
nar epithelial cells, while the nasal and oral surfaces were lined by 4 or 5 layers. 
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Mesenchymal condensation was clearly visible at the future maxillary area 
(tig. III-8). 
Noticeable differences were seen in some of the specimens of 16.9 days and 
16.16 days of age respectively. In 2 of the 8 embryos of 16.9 day group, the 
palatal processes were oriented horizontally in the anterior region but vertically 
in the posterior. On the other hand, one of the 8 embryos of 16.16 days showed 
fusion of the palatal processes in the middle third of the anterior half (figs Ill-ioa, 
b, c, d, e, f). These variations, observed in 16 day old embryos, can be possible 
because of the lack of knowledge of the exact time of conception in the alloted 
mating period. 
Compared to the picture observed in the 15 day old embryos, the palatal 
processes here were narrow medially and flaring out in the lateral region, in-
stead of being bulbous. Furthermore, the size of the mandibular and nasal 
areas was considerably larger. In the sagittal sections, the tongue was found 
to be flat in the anterior half, while lying still curved in the posterior region 
(fig. III-3), as compared to the previous age. 
/7 day old embryo (figs III-4, 11 and 12) 
The palatal processes were found to be directed horizontally over their entire 
length, and were fused. The fused palate was more arch-shaped in the posterior 
than in the anterior region. At the anterior end (future incisive foramina area) 
the union between the palatal processes and primary palate was incomplete. 
The tongue was observed to be well contained in the oral cavity. 
The mesenchyme appeared to be organized and was composed of loosely 
arranged stellate cells. The fusion at the cellular level ranged from epithelial 
contact of the processes to complete disintegration of the epithelium. The epi-
thelium prior to, and during contact was composed of oval or columnar epithe-
lial cells. During the epithelial fusion of the processes, the cell layers numbered 
from 1 to 3. Epithelial remnants were observed in the areas where the complete 
mesenchymal fusion of the palatal processes had taken place. As compared 
to the previous day, an extensive osteogenic activity was observed at the future 
maxillary area, with bony projections into the lateral parts of the palate and 
into the future alveolar area (figs III-11 and 12). 
In the sagittal sections, the superior surface of the tongue appeared to be flat 
overall (fig. III-4), and in a few embryos its tip was found to be projecting out 
of the oral opening. Furthermore, the nasal and mandibular areas were con-
siderably larger, as compared to the previous day. 
18 day old embryo (figs III-13 and 14) 
The palatal fusion was found to be complete in all embryos. The palate appeared 
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to be more arch-shaped as compared to the previous day. A marked mesen-
chymal condensation was observed at the fusion area. The future maxillary and 
alveolar areas showed extensive osteogenic activity. 
INTERPRETATION OF THE FINDINGS 
The change of the palatal processes from the vertical to the horizontal position 
was found to take place in a relatively short period of time. Prior to this change, 
the processes, particularly in the anterior region, were more bulbous and the 
tongue showed concavities on its lateral surfaces, that corresponded with the 
contours of the processes. After the change in the position of the processes, 
their bulbous-like appearance was lost, and the superior surface of the tongue 
was more flat. Further, the nasal and mandibular areas were considerably 
larger than before, and initiation of osteogenic activity was now found in the 
future maxillary areas. 
The change from the vertical to the horizontal position of the palatal pro-
cesses appeared to have commenced at the anterior end and progressed posteri-
orly. This is based on the observation that in some embryos the processes were 
found to be directed medially in the anterior region while still vertical in the 
posterior one. 
The fusion of the processes started at the middle third of the anterior half 
and proceeded anteriorly and posteriorly. This phenomenon was clearly seen 
in 2 embryos, one belonging to the group of 16.16 days and the other to 17.9 
days. It was also noted that the complete fusion was first achieved in the an-
terior region. 
At the cellular level, the fusion of the processes showed up in three distinct 
phases. Firstly, the epithelium of the opposing palatal processes fused in the 
midline. Shortly before this fusion, 2 or 3 layers of epithelial cells lined the 
approaching areas of both processes. After the fusion had taken place, only 1 
or 2 cell layers of epithelium were present in the midline. The second phase 
was the breakdown of the epithelium at some places with subsequent penetra-
tion by the mesenchymal cells. In the third phase, a complete mesenchymal 
union was seen. However, epithelial remnants at some places in the fusion area 
were observed. No organized distribution of the epithelial remnants in the 
fusion area was noticed. 
The morphology of the processes in the anterior and the posterior regions was 
different, both prior to and after the fusion. Before the fusion, anteriorly, the 
processes were narrow medially and flaring out laterally. Posteriorly, they 
appeared short and slightly medially rotated, where in the overall picture, the 
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processes followed the convex contour of the superior surface of the tongue. 
After the fusion, the palate was horizontal anteriorly and arch-shaped posteri-
orly. It seems that the arch-shaped appearance of the palate was associated 
with the increase in size of the future alveolar area. 
DISCUSSION AND CONCLUSIONS 
The normal prenatal development of the secondary palate has been investigated 
by many authors. Human abortus embryos have been studied, and various 
laboratory animals have been used in experimental work in palatal closure. 
Several theories have been presented regarding the way, in which the change in 
position of the palatal processes, leading to their ultimate fusion, takes place. 
An attempt has been made in the present chapter to study the sequence of 
events resulting in the palatal fusion in Wistar albino rats. The discussion deals, 
first, with the change in position of the palatal processes, second, with the fusion 
and lastly with the role of the tongue. 
Lazzaro (1940) studied the palatal fusion in human embryos and reported 
that the change in direction of the palatal processes from vertical to horizontal 
was very rapid. He even cited an embryo having one process vertical and the 
other horizontal. The same phenomenon was also observed by Walker and 
Fraser (1956) in their study on mice. 
The present investigation also shows that the change in direction of the palatal 
processes takes place in a relatively short period of time. However, in our 
material no marked asymmetries were observed. 
No uniformity of opinion exists in the literature regarding the mechanism 
that leads to the change in position of the processes. Most authors are of the 
opinion, that a number of factors are working together. However, varying 
significances have been attributed to each. Thus one theory proposes that a 
considerable increase in the intercellular substance of the connective tissue is 
the main factor (Lazzaro, 1940). Another theory assumes that the change is 
caused by an inward bulging of the medial side of the processes concurrent 
with a regression of their inferior border (Pons-Tortella, 1937; Walker and 
Fraser, 1956). The oldest theory is the one that considers a rotation of the pro-
cesses as the essential factor in the change in position of the processes (Schorr, 
1908; Peter, 1924; Asling et al., i960). Furthermore, the opinion has been ex-
pressed that the transition of the processes occurs by a combination of the two 
last mentioned factors so that rotation of the processes takes place in the an-
terior region, with a concurrent medial outgrowth and regression of the inferior 
border in the posterior region (Coleman, 1965). Walker and Fraser (1956) were 
of the opinion that the change in position of the processes, that they described 
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as taking place in a wave-like motion, was due to an internal factor which they 
named as the elastic fibers. A search for the presence of the elastic fibers in the 
palatal processes by other authors did not reveal positive results (Loevy, 1962; 
Stark and Ehrmann, 1958; Andersen and Matthiessen, 1967). Later, the theory 
regarding the role of elastic fibers was withdrawn (Walker, 1961) and support 
was given to Larsson's (1960) point of view that the internal factor was due to 
mucopolysaccharide activity. A more recent theory states that the pronounced 
mitotic activity, the hydration of mucopolysaccharides and the ingrowth of 
blood vessels into the laterally oriented mesenchymal areas, together play an 
important role in the elevation of the processes (Andersen and Matthiessen, 
1967). 
The present investigation revealed that the processes undergo slight bulging 
at their inferior half prior to the change in the direction. This observation was 
noticed in nearly all of the 15 day old embryos, particularly in the anterior 
region. In the posterior region, this bulging in the medial direction took place 
relatively late, that is at day 16 of gestation. This conforms to Lazzaro's obser-
vation on human abortus embryos. On the other hand, the present findings did 
not reveal either an increase in the intercellular substance (Lazzaro, 1940), or 
medial outgrowth and concurrent regression of the inferior border of the 
processes (Pons-Tortella, 1937; Walker and Fraser, 1956; Coleman, 1965) or an 
increase in the blood vessels (Andersen and Matthiessen, 1967). It may be 
mentioned here that the serial frontal sections of the 15 and 16 day old embryos 
showed that possibly the change in position of the processes was affected by 
rotation of the vertically directed processes (Peter, 1924). 
Controversy also exists in the literature regarding the region from where the 
change in the position of the processes starts. In this respect there are two main 
opinions, first, that the transformation starts anteriorly and proceeds posteriorly 
(Pons-Tortella, 1937; Burdi and Faist, 1967; Coleman, 1965), and second, that 
it begins posteriorly and proceeds anteriorly in a wave-like manner (Walker and 
Fraser, 1956). Contrary to these theories, Andersen and Matthiessen (1967) 
reported that in human abortus embryos, the processes are horizontal in the 
anterior region from the outset, and later, the rest of the palate is formed by 
the elevation of the vertical processes. 
The findings of the present study show that the elevation of the processes 
started in the anterior region and proceeded posteriorly. This observation 
is based on the fact that in some embryos on day 15 and 16 of gestation the 
processes were horizontally or medially oriented in the anterior region, while 
posteriorly they were still vertical. This finding is in accordance with other 
authors (Pons-Tortella, 1937; Coleman, 1965 and Burdi and Faist, 1967). 
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Regarding the initiation of fusion, the opinions are less deviating and agree 
on the point that fusion starts in the anterior region and proceeds posteriorly. 
On the other hand, dilTerent views have been expressed concerning the precise 
area of initiation in the anterior region. One is that the fusion starts in the 
incisive foramina area and proceeds posteriorly (Stark and Ehrmann, 1958) 
and another is that it commences in the middle third of the anterior region 
and then proceeds anteriorly and posteriorly (Coleman, 1965) 
The results of the present investigation are in agreement with Coleman (1965), 
as two embryos were seen exhibiting clearly a fusion of the processes in the 
middle third of the anterior region and still unfused in areas anterior and poste-
rior to this In the same way, most of the specimens on day 17 of gestation 
showed that the posterior end of the palate was the last to fuse 
The morphology and the relationship of the tongue to the palatal processes 
has also been studied with great interest in the past Lazzaro (1940) pointed 
out that in the human embryos he studied, the lowering of the tongue had 
taken place before the horizontal transformation of the vertical processes. He 
suggested that several mechanisms are involved in the lowering of the tongue 
which he found to be wedged between the processes prior to the events leading 
to the fusion He assumed, that the lowering of the tongue was due to the 
forward displacement of the mandible, the lifting of the roof of the oral cavity, 
the changes in the form of the tongue caused by the muscular development, 
and, finally, to the muscular movements of the tongue Walker and Fraser 
(1956), on the other hand, could not find any sign of the lowering of the tongue 
allowing the processes to become horizontal in mouse embryos. They were of 
the opinion that the general position of the tongue remains relatively constant, 
while its shape changes in response to the change in position of the processes 
In their view the tongue played only a passive role. 
It is considered meaningful to mention here the recently presented theory 
(Humphrey, 1968) that the lowering of the mandible pulls the tongue away 
from its position between the processes, thereby causing a lesser pressure in the 
primitive nasal cavities. This in turn, then, should result in a rapid upward 
movement of the processes to the horizontal position. 
The findings of the present chapter leave it open as to the role of the tongue 
in the elevation of the processes prior to the fusion. However, from the embryos 
we studied prior to the fusion, a simultaneous lowering of the tongue and chan-
ge in the position of the palatal processes could be observed From the sagittal 
sections it became clear that the tongue was considerably less curved after the 
processes had assumed the horizontal position - a change that was accompanied 
by an increase in size of the nasal and mandibular areas and a lowering and 
forward displacement of the mandible. 
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More experiments must be carried out in order to allow a more definite state-
ment and to take position regarding the different theories. The experiments to 
be described later will present more evidence, thus the discussion on this matter 
will be postponed until then. 
Summarizing, it may be said that: 
In the embryos of Wistar albino rats the palatal processes undergo bulging 
before assuming a horizontal position. 
The processes change very rapidly from a vertical to a horizontal position 
starting from the anterior region and proceeding posteriorly. 
A simultaneous lowering of the tongue and mandible together with an 
increase in size of the nasal and mandibular areas and a forward displace-
ment of the lower jaw was observed at the time of elevation of the pro-
cesses. 
The fusion of the palate occurs between the days 16.16 to 17.9 of gestation 
and starts in the middle third of the anterior half and proceeds anteriorly 
and posteriorly. 
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Ш-1 " — Ш-2 
ІП-і. Normal rat embryo, 14 days, sagittal view. Note the high position of I he tongue (T) and 
the retroposition of the mandible. Toluidine blue. X 24. 
III-2. Normal rat embryo, 15 days, sagittal view. Note the larger size of the mandible antero-
posteriorly. The tongue is also considerably larger in size but lying still high in the oro-nasal 
cavity. Toluidine blue. X 22. 
III-3. Normal rat embryo, 16 days, sagittal view. Note the larger size of the mandible antero-
posteriorly and considerable flattening of the tongue. Also note the curved anatomy of the tongue 
in the posterior region and flat one in the anterior region. Haematoxylin-eosin. X 20. 
III-4. Normal rat embryo, 17 days, sagittal view. Note the separation of the oral and nasal 
cavities by the fusion of the palale (P), The tongue is well contained in the oral cavity. Haema­
toxylin-eosin. X 15. 
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ΙΙΙ-ζ. Normal rat embryo, 14 days, frontal view, middle region. The palatal processes are verti­
cally directed. Note the tongue is occupying the oro-nasal cavity. Toluidine blue. X 56. 
II1-6. Normal rat embryo, /5 days, frontal view, anterior region. The palatal processes are 
bulbous and slightly medially inclined. Haematoxylin-eosin. X 38. 
III-7. Normal rat embryo, 15 days, frontal view, posterior region. The palatal processes are 
conical, slender and directed inferiorly. Van Gieson. X 34. 
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III-8. Normal rat embryo, ¡б clays, frontal view, anterior region. The palatal processes are 
lying horizontal but unfused. The tongue is lying well contained in the oral cavity ami is following 
the contours of the oral surface of the palate. Mesenchymal condensation (MC) can be seen in 
the maxillary area. Note the considerably large mandible and nasal septum, compared to the 
previous ages. Haematoxylin-eosin. X so. 
III-9. Normal rat embryo. 16 days, frontal view, posterior region. The oral surface of the palatal 
processes is concave, corresponding to the convex superior surface of the tongue. Haematoxylin-
eosin. X 26. 
Ill-ioa. Normal rat embryo. 16.16 days, frontal view, anterior region. The palatal processes 
are horizontal but unfused. Haematoxylin-eosin. X 32. 
Ill-iob. Anterior region {slightly posterior to Fig. Ill-ioa). The palatal processes are epithelially 
fused. Note the ostegenic activity (OS) in the maxillary region. Haematoxylin-eosin. X 32. 
Ill-ioc. Middle region (posterior to Fig. Ill-iob). The palatal processes are epithelially fused. 
Haematoxylin-eosin. X 32. 
111-iod. Posterior region. Note the palatal processes are unfused. Haematoxylin-eosin. X 32. 
Ill-ioe. Higher magnification of the fusion area of Fig. Ill-iob. The palatal processes of both 
sides are in the stage of fusion. X 300. 
HI-Tof. Higher magnification of the fusion area of Fig. HI-ioc. The palatal processes are fused 














III- i i . Normal rat embryo, 17 days, frontal view, anterior region. The palatal processes are 
fused with each other and with the nasal septum. Note osteogenic activity (OS) in the maxillary 
region. Van Gieson. X 28. 
Ш-12. Normal rat embryo, /7 days, frontal view, posterior region. The palatal processes are 
well fused. Note the osteogenic activity in the lateral regions of the palate. Haematoxylin-eosin. 
X28. 
Ш-13. Normal rat embryo, 18 days, frontal view, anterior region. The palate is fused with the 
nasal area. Haematoxylin-eosin. X 15. 
ΙΠ-14. Normal rat embryo, 18 days, frontal view, posterior region. Note the palate is of con­
cave shape towards the oral side. Also note the osteogenic activity (OS) in the palate. Haema­
toxylin-eosin. X 15. 
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CHAPTER IV 
THE DEVELOPMENT OF CLEFT PALATE IN VIVO 
INTRODUCTION 
On basis of the studies presented in the past few decades, it is generally 
accepted that many congenital malformations can be produced in experimental 
animals by creating alterations in the environmental conditions during preg-
nancy 
The extensive review of Kalter and Warkany (1959) of metabolic alterations 
resulting in congenital malformations shows, that cleft palate is one of the 
most commonly observed anomalies It can be caused by several chemical and 
mechanical factors acting during pregnancy Cortisone acetate, hypervitami-
nosis A, folic acid deficiency, anoxia, maternal radiation and several other 
agents have been employed, to study the production of experimental cleft 
palate. 
Though many studies have been carried out on the effect of hypervitammosis 
A by Cohlan (1953, '54), Giroud and Martinet (1955, '56, '59, '60), Milien 
and Woollam (1957, '58), Kalter (i960), Hartel and Hartel (i960), Kalter and 
Warkany (1961 ), Kamei (1962), Takekoshi (1964), Kochhar and Johnson (1965), 
Kalter and Deuschle (1966), Lotosh (1968), Yamaguchi (1967), and Abramo-
vich and Devoto (1967), the embryological development and the mechanism 
of cleft palate production is still rather obscure Most of these studies dealt 
with the incidence of cleft palates recovered, the description of the anomaly 
produced, and effects of other agents employed in combination with vitamin A. 
In only a small number of studies has an attempt been made to determine the 
chemical and mechanical changes leading to the abnormal development of the 
secondary palate after the administration of high doses of vitamin A, cortisone 
acetate and other teratogens 
The details of the various studies on the production of cleft palate employing 
hypervitammosis A, cortisone acetate, and a combination of both drugs, will 
be omitted here, as a comprehensive review has already been given in Chapter I. 
The investigation reported in this chapter was undertaken to study the patho-
genesis of cleft palate after the administration of higher doses of vitamin A, 
cortisone acetate, and a combination of the two drugs, as well as Dexametha-
sone sodium phosphate. 
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MATERIAL AND METHODS 
A total of 142 pregnant Wistar rats was employed in the present investigation. 
The rats were divided into one control and four experimental groups. 
Control group 
Twelve pregnant rats were given 0.5 ml of normal saline by gastric tube from 
day 8, 9, or 10 to day 11, 12 or 13. Three other rats received the same amount 
of normal saline subcutaneously, twice a day. The rats were sacrificed on day 
18 or 19. Embryos were examined both macroscopically and microscopically 
as indicated in Chapter II. 
Experimental groups 
Four experimental groups were formed according to the type of drug admin­
istered. 
Group A 61 rats Vitamin A 
Group В 14 rats Cortisone acetate 
Group С 30 rats Combination of A and В 
Group D 22 rats Dexamethasone 
Group A: (Table IV-1) 
Vitamin A palmitate was given to 61 pregnant rats via gastric tube after dilution 
in 0.5 ml of normal saline. To obtain an optimal dose for the production of 
cleft palate with minimal associated anomalies, the drug was administered first 
in small quantities and subsequently increased to higher ones. 
Group В : (Table IV-2) 
Cortisone acetate was administered in different doses, and for varying periods 
by subcutaneous injections. The drug was given twice a day after dilution in 
0.5 ml of normal saline to obtain a good level of circulating steroid in the 
pregnant rats. 
Group C: (Table IV-3) 
In this experiment the pregnant rats were given vitamin A once a day and cor­
tisone acetate twice a day, as described in Chapter II. 
Group D: (Table IV-4) 
Dexamethasone sodium phosphate, was administered subcutaneously after di­
lution in 0.5 ml of normal saline. In most instances the drug was given twice 
a day. 
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TABLE iv-i GROUP A. Teratogenic effect of hypervitaminosis A observed after diflerent dosages and periods of administration 
Experi- Dosage Period of Living Surviving embryos Exencephaly and 
ment adminis- Mothers Embryos embryos Resorbed embryos with cleft palate other anomalies 





































































































































The rats used in the four experimental groups were sacrificed on day 18, 19 
or 20, with the exception that some animals were killed on days 14, 15, 16 and 
17 of pregnancy. The embryos were examined as described in Chapter II. 
The embryos obtained showed clearly whether fusion of the palatal pro-
cesses had taken place or not. As outlined in Chapter III, this occurs in normal 
Wistar albino rats on day 17. 
FINDINGS 
a. Control group 
All embryos were found to be normal and in accordance with the description 
given in Chapter III. 
b. Experimental groups 
In the description of the findings of these experiments, the general aspects will 
be dealt with first followed by the macroscopic and microscopic observations. 
Group A: Vitamin A palmitate 
General aspects: Table IV-i shows that 20.000 to 30.000 I.U. administered be-
tween the days 9 to 13 resulted in cleft palate in 24 to 58.3% of the surviving 
embryos, and a small number of resorbed sites. An interesting observation was, 
that more than half of the living embryos showed cleft palate when 30.000 I.U. 
was given from day 10 to 13, in comparison to day 9 to 12 when only 24% 
of the embryos were found to be affected. A high ratio of affected embryos 
and a low percentage or resorbed sites occurred in series 7, where 40.000 I.U. 
was given from day 10 to 13. On the other hand, the same dose given from day 
8 to 11 produced a comparable high percentage of embryos with cleft palate 
but a large number of resorbed sites. With a daily dosage of 50.000 or 60.000 
I.U. of vitamin A, the percentage of embryos with cleft palate was high, but, 
at the same time, many resorbed sites and excessive anomalies were found. 
Macroscopic findings (Figs IV-2, 3 and 5): No attempt was made in the present 
investigation to record systematically the number of anomalies other than the 
cleft palate and exencephaly. The most common abnormalities observed in em-
bryos showing cleft palate were, steep frontal region of the face including the 
snout, micrognathia, retrognathia, open eyes, exophthalmus, malpositioned 
ears, short or absent fore-or hindlimbs, syndactyly, and a short or completely 
missing tail. No systematic occurrence of these anomalies was noticed. 
The finding most pertinent to this study was the frequent observation of 
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microstomia in embryos with cleft palate. In some cases the oral opening was 
only the size of a pinpoint. 
Microscopic findings: It was considered meaningful, to present a detailed des-
cription of the features associated with cleft palate on day 19 of gestation and 
to compare these to the normal situation of the same age. As an introduction 
to this, a short description of the differences observed on days 14, 15, 16 and 
17 will be given. 
14 day old embryo: No noticeable anatomical differences were observed com-
pared with the corresponding control embryos. 
/ j day old embryo (Fig. IV-7): Slight difTerences could be distinguished on this 
day. The palatal processes were found to be comparatively small and less bul-
bous, both in the anterior and posterior regions. The mandibular and nasal areas 
were also relatively small. The cellular picture of the palatal processes did not 
deviate from the normal embryos. A slight mesenchymal condensation was also 
noticed at the lateral extremities of the palatal processes. 
16 day old embryo (Fig. IV-8): Contrary to the normal controls, the palatal 
processes were orientated inferio-medially in the anterior region and vertical 
in the posterior one. The processes were of abnormal shape; in some embryos 
they were conical and in others bulbous or thick with ruffled borders. 
The nasal area was small. The nasal septum was bulbous and short in vertical 
direction. 
In the maxillary region mesenchymal condensation was seen with heterotopic 
chondrogenesis. This was also observed at the corners of the oral cavity. 
The mandibular development appeared to be retarded, and an unorganized 
bone formation was observed around the Meckel's cartilage. 
The tongue was in a high position and was lying between the palatal processes. 
1 j day old embryo (Figs IV-ça and b): On this day distinct signs were seen 
indicating cleft palate. 
In the majority of the embryos of this age the palatal processes were found in 
a horizontal position superior to the tongue (Fig. IV-ça). In some cases they 
were lateral to the tongue in the anterior region. Posteriorly, the processes were 
short and showed no sign of a change from a vertical to a horizontal position 
(Fig. IV-çb). In a few embryos the processes were completely missing in the 
extreme posterior region. The tongue occupied the oro-nasal cavity in most of 
the embryos. 
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ig day old embryo (Figs IV-ioa, b; н а , b; 12, 13, 14, and 15): In vitamin A 
treated 19 day old embryos, the cleft palate was clearly visible. The palatal 
processes were unfused. In some instances, the processes were found to be in 
contact with each other only in the extreme anterior region. The gap between 
the unfused processes was greater in the posterior region as compared with the 
anterior. In a few embryos the processes appeared as rudiments in frontal sec­
tions at the level of the eye (Fig. IV-13). Overall, the processes were big, thick, 
and wide in the middle and towards the maxillary region, but medially they 
were pointed or conical in shape (Fig. IV-iib). Posteriorly they were small and 
presented no consistent picture. 
The nasal septum was found to be thick, vertically short and bulbous 
(Fig. IV-1 ib). The bone formation around the nasal area was abnormal and 
appeared to be continuous with the bony areas of the maxillary and zygomatic 
regions. 
The mandibular area was found to be deformed. In the anterior region the 
body of the lower jaw was small. The ramai area of the mandible was more 
severely affected. Meckel's cartilage appeared to be deformed in several instan­
ces and ectopic cartilages were seen in the bony areas of the mandible. In the 
majority of the embryos the condylar cartilage could not be located. 
A most interesting observation seen at this age was the presence of hetero­
topic cartilage (Figs IV-11 a, b; and 13), extending from the maxillary area to 
the condylar region of the mandible. In some embryos the heterotopic cartilage 
from the maxillary region, appeared to be in contact with another similar car­
tilage arising from the zygomatic and condylar regions. This heterotopic car­
tilage was larger in the sections posterior to the middle third of the anterior 
half of the palate (Fig. IV-13). 
In the embryos with cleft palate, the tongue was of a completely abnormal 
form. It was found to be lying between the palatal processes and projecting 
into the nasal cavity (Fig. IV-nb). The tongue appeared to be small particu­
larly in the embryos with microstomia. 
An overall examination of the head revealed small vertical and wide lateral 
dimensions. In most of the embryos showing cleft palate, the upper molar buds 
were missing (Fig. IV-13), rudimentary or malformed. In a few instances, several 
molar and incisor buds were seen in the same frontal section indicating a mal­
position of the teeth. The development of the lower molar buds was normal, 
however, they were missing in some cases. 
The cellular picture of the embryo head was far from normal. Anteriorly 
the epithelium of the palatal processes was of 2 to 3 cell layers thick, and in 
some instances, it was in contact with the epithelium of the opposing process 
or the primary palate. Posterior to this the thickness of the epithelium varied 
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from 3 to 4 layers. The mesenchyme presented no uniform picture. In some 
specimens, it was slightly organized and in others it was not. The lateral parts 
and superior halves of the palatal processes showed slight osteogenic activity 
which was in contact with the bony area around the nasal periphery. 
Some additional information was gained by the examination of the sagittal 
sections (Figs IV-14 and 15). The tongue was found to be bulging into the 
opening between the processes in the mid-sagittal sections (Fig. IV-15). In 
other sections, lateral to the middle ones, the superior surface of the tongue 
was lying against the nasal and pharyngeal regions. The mandibular area 
showed small antero-posterior dimensions. 
Group B: Cortisone acetate 
General aspects (Table IV-2): A total of 14 pregnant rats were given cortisone 
acetate subcutaneously, in different concentrations starting on either day 9 or 
10. No cleft palates or other associated anomalies were seen in the recovered 
embryos. 
Macroscopic findings: The embryos appeared to be normal and no anomalies 
were found. 
Microscopic findings: The development of the palatal processes followed the 
normal events as described in the previous chapter. The cellular picture also 
appeared to be normal. 
Group C: Vitamin A and cortisone acetate 
General aspects (Table IV-3): When 30.000 I.U. of vitamin A, once a day, was 
given with 5 mg of cortisone acetate, twice a day, from day 8 to 12, only 20.6% 
of the embryos showed cleft palate. When only the dosage of vitamin A was 
increased, the percentage of living embryos with cleft palate and also that of 
the resorbed sites increased considerably. When the doses of both drugs were 
increased as in series 4 and 5, the percentage of the embryos showing cleft 
palate was 76.4 and 78.9, and of the resorbed sites 50.0 and 38.7 respectively. 
On the other hand, when only the dose of the cortisone acetate was lowered, 
the percentage of the cleft palates and resorbed sites was low. The incidence 
of exencephaly was higher when both drugs were given in large doses. 
Macroscopic findings (Fig. IV-6): The macroscopic examination revealed the 
same picture as observed in the embryos obtained from rats treated with vitamin 
A only. However, more embryos with severe excessive anomalies were found. 
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Microscopie findings (Figs IV-r6a, b, с, and d): Basically, the histological picture 
of the embryos showing cleft palate was similar to the one described before, 
when vitamin A was given alone. Only in some embryos the mandible was 
more severely deformed. In all specimens, the tooth buds - both upper and 
lower - were either missing or malformed. The heterotopic cartilage was ob­
served in almost all the embryos with cleft palate. 
Several individual variations were also noticed in the embryos showing cleft 
palate. In a few, the malformed palatal processes appeared to have fused in 
the anterior region. These fused processes showed a central groove on their 
oral side (Fig. IV-i6b). Moving posteriorly, the groove became deeper and 
deeper and ended in a separation of the processes. An interesting observation 
here was the absence of the tongue in the anterior region where the processes 
were found to be fused or cleaved (Fig. IV-i6b). The tongue was present where 
the processes were found to be unfused. 
Group D: Dexamethasone sodium phosphate 
General aspects (Table IV-4): Dexamethasone produced a high incidence of 
cleft palate, ranging from 57.1 1077.7%. The percentage of the resorbed sites 
was relatively large when 0.5 or 1.0 mg was given twice a day. In series 4 where 
only a single dose of 0.5 mg was administered, none of the embryos showed 
cleft palate. Very few excessive anomalies were noticed, compared with the use 
of other drugs described earlier. 
Macroscopic findings: Only a limited number of other anomalies were observed, 
which included open eyes, syndactyly, microstomia, wrinkled skin and short tail. 
Microscopic findings (Figs IV-17a and b): A follow up of the embryos from 
day 14 to 17 showed no differences from the findings when vitamin A was 
given alone to the pregnant rats. The embryos observed on day 19 showed 
minor differences. 
The palatal processes were generally slender and less deformed. In the poste­
rior region the processes were either missing or were rudimentary. 
The nasal area was small and more bulbous. The mandibular bone formation 
was disorganized with the presence of ectopic cartilages. 
INTERPRETATION OF THE FINDINGS 
Of the three different drugs and the combination of vitamin A and cortisone 
acetate employed in the present investigation, only cortisone acetate did not 
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produce cleft palate or any other observable anomaly. Administration of vita­
min A to the pregnant rats revealed that the period from day ю to 13 of gesta­
tion was most critical for the development of the palate. When the administra­
tion of vitamin A was started on day 8 or 9 of gestation, more resorbed sites 
and fewer embryos with cleft palate were obtained. 
The combination of vitamin A and cortisone acetate failed to increase the 
incidence of cleft palate. Comparatively fewer embryos with cleft palate and 
a large number of resorbed sites, as well as excessive anomalies, were seen. 
Only in one series the combination of drugs did produce 100% of the embryos 
with cleft palate, but 40.7 % of the embryos had exencephaly and other excessive 
anomalies. 
Dexamethasone was found to be a successful teratogen. A small dose of 
0.25 mg twice a day given from day 8 to 13 produced cleft palate in 62% of 
the living embryos with only 12.τ % resorbed sites. 
The macroscopic observations revealed various malformations, of which the 
most frequent were micrognathia, rctrognathia, open eyes, syndactyly and 
microstomia. Vitamin A alone and in combination with cortisone acetate pro­
duced several other severe anomalies, which were rarely noticed in embryos 
obtained from Dexamethasone treated rats. 
Microscopically, the differences between the development of the palatal pro­
cesses of the drug treated groups and that of normal rats were visible after 
day 15. On day 16, the differences were well established. The palatal processes 
were still found to be positioned in an inferio-medial or vertical direction, and 
the tongue was interposed between them as compared to the normal picture 
observed in 16 day old embryos. On day 19, when the processes in the majority 
of the embryos were found to be horizontal in the anterior region, the tongue 
was contained in the oral cavity as seen in the normal embryos. But posteriorly, 
where the processes were small, in nearly all the embryos with cleft palate the 
tongue was positioned high in the oro-nasal cavity with its superior lateral 
corners extending into both nasal cavities. The nasal septum was found to be 
swollen, and was short in the vertical direction. The mandibular development 
was also abnormal. Condylar cartilage was not found in most of the embryos. 
A heterotopic cartilage was observed in the maxillary region extending into the 
mandibular area, or in some instances, fusing with a similar cartilage arising 
from the temporo-mandibular and zygomatic regions. 
The cellular picture of the palatal processes did not present systematic differ­
ences from the normal situation. The rest of the cellular picture was different, 
showing abnormal development of bone and cartilage formation. A conceivable 
explanation which can be given regarding the presence of cleft palate in our 
drug treated sample is that the heterotopic cartilage leads to ankylosis of 
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maxillo-mandibular regions, thus preventing the mandible to develop in a 
downward and forward direction, and the nasal septum to grow downward. 
This lack of developmental mobility may have lead to microstomia which in 
turn with other features prevented the tongue from lowering down and sliding 
forward to allow the palatal processes to assume a horizontal position. All 
these changes which started from day 15 showed a deviating'picture on day 16 
when the processes were still found to be lying vertical and the tongue inter-
posed between them. On day 17, movement of the abnormal processes was 
observed in the horizontal direction, especially in the anterior region. 
DISCUSSION AND CONCLUSIONS 
The present findings agree with the observations of Giroud and Martinet 
(l955, 56) that there is a critical period in the development of every organ 
and that a teratogenic agent given in the first half of the pregnancy can produce 
light to severe malformations, depending on the stage of development of the 
particular organ. The incidence of the cleft palate observed after the admin-
istration of vitamin A was found to be higher in the present investigation than 
the one reported by Cohlan and Stone (1961), under similar conditions in CF 
Wistar rats. The difference could be attributed to the different strains employed 
in the two investigations. 
Various explanations have been offered as to the cause of the production of 
cleft palate after the administration of several teratogenic agents, including vi-
tamin A and cortisone acetate. The present findings will be discussed in relation 
to the ones offered by others. 
One of the frequently reported observations is the failure of the processes to 
attain a horizontal position on day 16 of gestation in rats (Asling et al., i960) 
and on day 15 in mice. Walker and Fraser (1957) attributed this failure to a 
loss of'internal force' of the palatal processes, when they administered cortisone 
acetate to mice to produce cleft palate. Later this internal force was identified 
by Larsson et al. (1959) and Walker (1961) as the mucopolysaccharides of the 
mesenchymatous ground substance of the palatal processes. Walker and Grain 
(i960), studying the effect of hypervitaminosis A on mice, also found a delay 
in the movement of the processes. 
Contrary to these findings, Kochhar and Johnson (1965) could not observe 
a delay in the movement of the palatal processes from a vertical to the hori-
zontal position, when vitamin A was given to pregnant black-hooded rats. 
However, the majority of the obtained embryos showed cleft palate. 
In the present investigation a delay was observed in the transposition of the 
processes from vertical to horizontal in 16 day old embryos. Only at a later 
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date elevation of the processes was seen partially in the anterior region, while 
the palatal processes in the posterior region were found to be too short and 
rudimentary. These findings agree with those of Walker and Fraser (1957), 
Walker and Grain (i960), and Kamci (1962), even though they used mice, and 
Asling et al. (i960) who used folic acid deficiency to produce cleft palate in 
Long-Evans rats. The disagreement with Kochhar and Johnson (1965) might 
be attributed to differences between the strains used in the present and their 
study. 
A number of theories have been presented explaining the role of the tongue 
in combination with one or more than one of the other factors. These are 
foreshortening of the maxilla and mandible (Cohlan, 1954), microstomia and 
micro-or retrognathia(Giroud and Martinet, 1959; Deuschleer ai., 1959; Kal-
ter, i960) and the presence of heterotopic cartilage within the preosteoblastic 
tissues of the maxilla leading to maxillo-mandibular ankylosis (Deuschle el al., 
1959; Kochhar and Johnson, 1965; Kalter and Deuschle, 1966; Abramovich 
and Devoto, 1967). This latter finding has only been reported after the admin-
istration of vitamin A to both rats and mice. It has been suggested that all 
these abnormalities lead to an inhibition of the downward and forward dis-
placement of the tongue, thereby not allowing the processes to assume a hori-
zontal position and thus making a fusion impossible. The role of the tongue 
and mandible has been further emphasized by the experiments of Trasler et al. 
(1956), Walker (1959) and Trasler and Fraser (1963). They studied the effects 
of amniotic puncture in mice and reported that it caused the uterus to compress 
against the foetus. They hypothesized, that the compression of the foetal head 
against the thorax resulted in the lower jaw pressing the tongue against the 
nasal septum and subsequently not allowing the processes to assume a hori-
zontal position. 
Besides these theories, several others have been presented which are supposed 
to occur in conjunction with the ones already mentioned above. One is the 
direct increase of vitamin A in the foetal content after its administration to the 
pregnant rats (Giroud et ai, 1957). This was later disagreed with by Cohlan 
and Stone (1961), on the basis that the recorded increase was so low that it 
could have been caused by the error in counting. 
Another theory is that the teratogenic action of the drugs can be due to the 
interference at some level in the carbohydrate metabolism of the mother, pla-
centa or foetus (Woollam and Milien, i960). 
The present investigation showed almost no differences in the way in which 
cleft palate was produced when vitamin A or a combination of vitamin A and 
cortisone acetate or Dexamethasone was administered to the pregnant Wistar 
albino rats. The other theories, mentioned in relation to the mechanical or 
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cellular changes, were out of scope of the methods and materials used in the 
present experiment. Later in the study, radioactive isotopes will be employed 
to study the role played by mucopolysaccharides in the production of cleft 
palate. 
Summarizing, it can be stated that Dexamethasone, hypervitaminosis A, and 
hypervitaminosis A in combination with cortisone acetate produced cleft palate 
and other associated anomalies, when given to pregnant Wistar albino rats in 
different doses and during the critical period of embryonic development. Cor-
tisone acetate did not produce cleft palate. Only minor differences in morpho-
logy, both at macroscopic and microscopic level, were found in the embryos 
with cleft palate obtained after the administration of the different drugs. 
The present study shows that due to the teratogenic agents, a delay occurs 
in the elevation of the processes from vertical to horizontal on day 16 of gesta-
tion. This movement occurred 24 hours later, and then only partially, while 
in the meantime the tongue stayed between the palatal processes. 
The findings also revealed the presence of heterotopic cartilage arising from 
the maxillary region and leading to maxillo-mandibular ankylosis. This was 
mostly associated with the presence of microstomia. 
The findings of this chapter show that the following factors, working separately 
but more probably in combination, play a role in the production of cleft palate. 
Microstomia; not allowing the tongue to lower down and to slip outside 
the oral opening, as observed normally on day 16. 
Maxillo-mandibular ankylosis. 
Retarded downward growth of the nasal septum. 
Retarded downward and forward movement of the mandible associated 
with maxillo-mandibular ankylosis and non-lowering of the tongue, on 
day 16 of gestation. 
Disturbance in the palatal processes at the cellular or intercellular level. 







IV-1. Normal ral embryo, ¡8 days. Note the inclination of the forehead, nose, oral opening, 
and the size of the mandible. X 2.5. 
IV-2. Rat embryo, 18 days. Vitamin A, 40.000 IM./day from çth to 12th day of gestation. 
Several abnormalities can be seen such as, open eyes, displaced ears, microstomia, retrognathia, 
foreshortening of the fore- and hindlimbs, syndactyly and short tail. Note especially the inclina-
tion of the forehead and the nasal area. X 2.5. 
IV-3. Rat embryo, 18 days. Vitamin A, 60.000 I. U.¡day from 9th to 12th day of gestation. Note 
exencephaly, open eyes and abnormal position of the ears. X 5. 
IV-4. Normal rat embryo, 19 days. Note completely fused palate. X 5. 
IV-5. Rat embryo, 19 days. Vitamin A, 40.000 I.U.¡day from 9th to 12th day of gestation. Note 
unfused palatal processes. In the anterior region the palatal processes are near to each other 
compared to the posterior area. The nasal opening can be seen. X 5. 
IV-6. Rat embryo, 19 days. Vitamin A, 40.000 I.U.¡day and cortisone acetate 5 mg 2Xlday 
from çth to J 2th day of gestation. A severe cleft palate, the palatal processes are too short and 
nasal openings are large. X 5. 
IV-7. Rat embryo, /5 days, frontal view, middle region. Vitamin A 40.000 I.U.¡day from 9th to 
12th day of gestation. Note the palatal processes are lying vertical and slightly mesially inclined. 
Mesenchymal condensation (MC) can be seen in the maxillary area. Haematoxylln-eosin. X 26. 
IV-8. Rat embryo, 16 days, frontal view,posterior region. Vitamin A 40.000 I.U.¡day from 9th 
to 12th day of gestation. The palatal processes are still lying vertical. Haematoxylin-eosin. X 22. 
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lV-9a. Ral embryo (S-j), 17 days, frontat view, anterior region. Vitamin A 40.000 I.U./clay 8th 
to 1 fth day of gestation. The left palatal process is completely horizontal and the right one partly 
horizontal dite to the abnormal position of the tongue farrows). Note among other malforma-
tions, the presence of heterotopic cartilage ( HC) on both sides and the abnormal osteogenic 
activity (OS) in the maxillary region. Haematoxylin-eosin. X 25. 
IV-gb. The same embryo (S-5), posterior region. The palatal processes are of abnormal shape 
and are lying still vertical. Note the heterotopic cartilage f HC), the absence of the upper molar 
buds, and the disturbed osteogenic activity in the maxillary and mandibular regions. Haema-
toxylin-eosin. X 20. 
IV-ioa. Normal rat embryo ( N-g), ¡g days, frontal view, anterior region (Section through the 
lower incisor area). The palatal processes are in contact with the primary palate. Haema-
toxylin-eosin. X 21. 
IV-iob. The same embryo (N-g), middle region (Section through the level of anterior orbit). 
Note the palate is fused with the nasal septum and extensive osteogenic activity ( OS) in the 
maxillary region. Haematoxylin-eosin. X 17. 
IV-i ia. Rat embryo (S-23), ig days, frontal view, anterior region. Vitamin A 40.000 I.U./day 
from gth to 12th day of gestation. The palatal processes are horizontal and in contact with the 
primary palate. Note the bulbous and abnormal shape of the palatal processes, the presence of 
heterotopic cartilage (HC) on both sides, malpositioned tongue (T) and the vertically short and 
bulbous nasal septum (NS). Haematoxylin-eosin. X 22. 
IV-I lb. The same embryo (S-23), middle region. Note that the left palatal process is horizontal, 
compared to the right one. Both palatal processes (P) are malformed and have unsmooth margins. 
The tongue (T) is protruding into the nasal cavity. Note the malformed mandible (M), the 
heterotopic cartilage ( HC) on both sides, the abnormal osteogenic activity (OS) in the maxillary 






IV-I2. Normal rat embryo (N-g), ig days, frontal view, posterior region. Note osteogenic 
activity (OS) in the palate. Haematoxylin-eosin. X 15. 
IV-13. Rat embryo (S-23), ig days, frontal view, posterior region. Vitamin Λ 40.000 I.U.jday 
from gth to 12th day of gestation. The palatal processes are rudimentary with abnormal osteogenic 
activity (OS). Large heterotopic cartilage (HC) can be seen on both sides extending from the 
maxillary and the mandibular region and also in contact with the cartilage around the nasal 
area. The upper molar buds are missing. Note the malformed shape of the mandible. Toluidine 
blue. X 20. 
IV-14. Normal rat embryo, ¡g days, sagittal view. Note the almost horizontal palate (P) and 
the flat tongue. Haematoxylin-eosin. X 13. 
IV-15. Rat embryo, 19 days, sagittal view. Vitamin A 40.000 LU.¡day from gth to 12th day oj 
gestation. Note the cleft palate and the middle region of the tongue projecting into the nasal 
cavity. Heamatoxylin-eosin. X 13. 
IV-16a. Rat embryo ( D-7), /9 days, frontal view, extreme anterior region (Section at the level 
of upper incisors UI). Vitamin A 40.000 L U.jday and cortisone acetate 5 mg 2 χ ¡day from gth 
to 12th day of gestation. Note microstomia (MI) and the thick oral epithelium. Haematoxylin-
eosin. X 24. 
IV-16b. The same embryo (D-j), anterior region. The malformed and malshaped palatal pro-
cesses fused with the thick and bulbous nasal septum. A groove can be seen dividing the palate 
into two halves. Note the invaginated oral epithelium (OE), the heterotopic cartilage (HC), 







TV-16c. The same embryo ( D-7), anterior region. The palatal processes are missing and on one 
skie the tongue is protruding into the nasal cavity. Note: several tooth bads in one plane, the 
heterotopic cartilage (HC), the bulbous and vertically small nasal septum, the small mandible 
and other abnormalities. Haematoxylin-eosin. X 21. 
IV-i6d. The same embryo (D-7), posterior region. Note complete absence of the palatal pro-
cesses, the heterotopic cartilage (HC), the malformed Meckel's cartilage (Mc) and mandible 
(M). Haematoxylin-eosin. X ¡Q. 
IV-iya. Rat embryo (P-55), 19 days, frontal view anterior region. Dexamethasone 0.25 mg 
2 χ ¡day from çth to 12th day of gestation. Note the unfused, thin and the slender palatal pro-
cesses, the heterotopic cartilage (HC), the missing upper molar buds, the stunted nasal septum 
and other abnormalities. Haematoxylin-eosin. X 21. 
IV-17b. The same embryo (P-55), middle region. Note the osteogenic activity in the palatal 
processes, the heterotopic cartilage (HC) and other malformations. Haematoxylin-eosin. X 17. 
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CHAPTER V 
PALATAL CLOSURE IN VITRO 
INTRODUCTION 
In vitro experiments are of great value for studying certain aspects, that cannot 
be approached by other methods. In vitro experiments have been widely used 
to study cells, tissues, and organs in artificial environments under normal and 
abnormal conditions. Especially, the organ culture method is indispensable for 
two groups of investigations: 
a. those dealing with the interaction of cells and tissues and 
b. studies of the effect of biologically active compounds such as hormones, vi­
tamins, carcinogens, and antibodies on different organs (Fell, 1965). 
Only recently the organ culture method has been introduced in the study of 
the pattern of normal palatal closure and the associated cellular changes (Mo-
riarty et al., 1963). By this method it is possible to study the active fusion pro­
cess on a longitudinal basis and follow it over its whole course. At the same time, 
it must be taken into account that the cutting operation to prepare palatal 
expiants disrupts the normal relationship between the palatal processes and the 
overall growth of the head and eliminates influences of tongue and jaw move­
ments. On the other hand, the in vitro method opens a way to study the palatal 
closure without the presence of the tongue, head, and other surrounding struc­
tures which may have certain effects, advantageous or disadvantageous, on it. 
With the in vitro method the developmental changes, associated with or caused 
by the effects of isolation, operations, and varying physiological conditions, can 
be studied by direct observation. 
The purpose of the investigation presented in this chapter was to study 
a. the time of onset of acquired potentiality for the fusion of the palatal 
processes of Wistar albino rat embryos; 
b. the pattern of fusion of the palatal processes in comparison to the in vivo 
findings presented before; 
с the histological aspects of the cellular fusion in vitro and to compare these 
with the observations of the previous in vivo experiments. 
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MATERIAL AND METHODS 
In total 92 embryos were obtained at different periods of gestation from 39 
pregnant Wistar albino rats. Two or three embryos from one pregnant mother 
were used. The remaining embryos were studied macroscopically and microsco-
pically, some of them were incorporated in the experiments described in Chap-
ter III. The expiants containing the palatal processes were prepared according 
to the technique of Moriarty et al. (1963), which has been described in Chap-
ter II. The expiants were incubated for varying periods of time. Details con-
cerning the age of embryos, the number of expiants, and the duration of the 
incubation periods are presented in Table V-i. To evaluate macroscopically the 
process of fusion, photographs of two expiants from each series were taken 
prior to the incubation and, thereafter, at 12 to 24 hour intervals. For this 
procedure the expiants were taken out of the incubators for only a few minutes. 
Expiants were used of embryos of 14.9 to 16.9 days of age. Day 16.16 was not 
included because several of these specimens showed approximation of their 
palatal processes or a start of the fusion process. 
At the end of the incubation period the cultured tissues were fixed in Bouin's 
solution, embedded in paraffin, stained, and were then examined microsco-
pically. 
FINDINGS 
a. Macroscopic findings (Figs V-ia, b, c; 3a, b, c): 
The macroscopic evaluation of the expiants prior to, during and after the in-
cubation was made by naked eye, with the help of a dissection microscope and 
by means of photographs. 
On the moment of incubation the expiants of 14 and 15 days of age showed 
a different picture than the expiants of 16 days of age, as in the latter, the 
tongue was not found to be lying interposed between the palatal processes prior 
to the dissection. The differences between the ones of 14 and 15 days of age 
were also evident, as in the older specimens the processes were mesially inclined 
and thick, while in the younger ones the processes were small, vertically directed 
and slender. 
During the dissection procedure on day 14 and 15, when the tongue was 
removed from its position between the palatal processes, the two processes 
moved subsequently to an almost horizontal position. This movement was 
more evident in the older embryos than in the younger ones and resulted in a 
considerable decrease of the distance between the two palatal processes. How-
ever, a contact between the two processes was not observed in any specimen. 
62 
After an incubation period of 24 hours, the expiants were more difficult to 
examine due to an increasing opaque appearance. 
Contact between the two processes was first noticed in the posterior region, 
followed by a separate approximation in the anterior region. In some expiants, 
contact in the anterior and posterior regions was found on the same moment 
of observation. 
b. Microscopic findings (Table V-i, figs V-2a, b, c; 4 and 5): 
The findings regarding the fusion were classified in three groups: 
a. no fusion: the palatal processes did not exhibit any form of fusion; 
b. epithelial fusion: the processes were found to be in contact with each 
other epithelially and no break in the continuity of the epithelium was no­
ticed. No differentiation was made here between one or more layers of epi­
thelium at the area of fusion; 
с mesenchymal fusion: the mesenchyme of both sides was united. This 
involved complete mesenchymal fusion, but there were cases in which some 
broken epithelial strands were present at the fusion site. 
The palatal processes dissected on day 14.9 and incubated for 24 hours showed 
no epithelial or mesenchymal fusion. Of the ones studied after 48 and 72 hours 
TABbL v-i. Fusion of palatal expiants according to age of embryo and duration of incubation 






















































































































of incubation, 6 out of 16 showed epithelial fusion and only one mesenchymal 
fusion. 
From the 20 expiants dissected on day 14 16, five showed epithelial and 3 
exhibited mesenchymal fusion 
From the material dissected on days 15.9, 15 16, and 16.9, relatively more 
expiants showed mesenchymal fusion. Of a total of 92 expiants incubated, 
29.3% showed no fusion, 23.9% showed epithelial fusion, and 46.8% showed 
mesenchymal fusion. The majority of the no fusion's were obtained from the 
expiants dissected on day 14 of gestation. 
It must be pointed out here that expiants classified as 'no fusion' showed, as 
a rule, considerable growth of the palatal processes and a decrease in the gap 
between them. 
The epithelium of the unfuscd palatal processes was either one or two cell 
layers thick on the medial surfaces The lateral surfaces of the processes towards 
the oral side were 2 or 3 cell layers thick. The cells were oval or columnar in 
shape The mesenchyme was composed of stellate shaped cells After an incu-
bation period of 48 hours the cells were more dense in the medial third of the 
processes Eleven expiants out of 40 dissected on days 14 9 and 14.16 showed 
epithelial fusion involving a union by one or two strands of cells, or an epi-
thelial bridge running from one process tö the other. The mesenchymal fusion 
observed in 4 expiants was limited to a small area, mainly in the anterior region. 
An overall examination of the frontal sections showed that the fused palatal 
processes had a flat oral surface and a curved nasal surface. The size of the fused 
palate appeared relatively smaller than the one observed in vivo Several ex-
plants presented an epithelial fusion posteriorly, a mesenchymal fusion anter-
iorly, and an unfused area in the middle region of the palate The processes 
were lined by 1 or 2 epithelial cell layers on the nasal and oral borders. The 
cells were oval or columnar in shape. A migration of the epithelial cells towards 
each other was noticed, after which the processes fused epithehally. Subse-
quently the mesenchyme of both the processes was found to be separated by 
one or two epithelial cell layers. The epithelial cells were later found to be in 
different stages of lysis. At places where complete mesenchymal fusion was 
observed, few epithelial remnants remained in the fusion area. Prior to this, 
the epithelial fusion was preceded by a condensation of the mesenchymal cells in 
the medial region of the processes. The mesenchymal penetration started near 
the oral surface and progressed towards the nasal one. Several mitotic figures 
were seen m the fusion area prior to and during the fusion of the processes. 
The cartilaginous parts of the expiants appeared cytologically unaltered. In 
several unfused 14 day old explants, a comparatively large distance was found 
between the nasal septum and the palatal processes. The nasal septum showed 
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considerable growth in lateral and vertical directions during the incubation 
period from 24 to 72 hours. 
INTERPRETATION OF THE FINDINGS 
Fusion of the palatal processes could be achieved in an artificial environment. 
Relatively greater numbers of fusions were obtained with expiants of older age. 
The palatal processes generally fused after 24 to 72 hours of incubation when 
explanted on or later than day 15 of gestation. The fusions obtained with 
younger expiants were in general only of epithelial nature. 
The gap between the processes was greater in the expiants dissected on day 
14, as on that age the processes were found to be still vertical and the tongue 
was interposed between them. At the moment the tongue was removed the 
processes became horizontal. The palatal processes showed histo-differentiation 
as noticed prior to fusion in vivo, and also, in the older expiants cultured in 
vitro. The reason that no fusion took place in the 14 day old expiants after 
an incubation period of 72 hours, may primarily be due to the large distance 
between the two processes at the moment of incubation. Another explanation 
for their non-fusion is the relatively fast growth of the nasal septum which 
appeared between the two processes and prevented them to grow towards each 
other. In such instances the processes fused with the nasal septum and demon-
strated their potentiality to fuse. 
The histological picture of the fusion in vitro was, in general, similar to the 
one observed in vivo. The only difference noted was regarding the area of 
approximation of the processes. The cultured processes came into contact first 
posteriorly, but in some cases posteriorly and anteriorly at the same time. 
This is in contrast to the observations on the in vivo material where contact 
was first established and fusion was found to have commenced at the middle 
third of the anterior region, and from there progressed anteriorly and poste-
riorly. 
DISCUSSION AND CONCLUSIONS 
The onset of the potentiality of the processes to fuse in vitro has also been stud-
ied by Pourtois (1966) and Vargas (1967). Pourtois (1966) reported that in 
Sprague Dawley rat embryos, the potentiality was present in all the expiants 
at the age of 1572 days, which is 24 hours prior to the actual time of fusion 
of the processes. He based this conclusion on the fact that he did not observe 
fusion of the processes explanted prior to day 15 of gestation, and incubated 
in close contact with each other. Vargas (1967) found that the potentiality 
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of the palatal processes, dissected from A/Jax mouse embryos, to fuse was 
present approximately 40 hours before the actual time of closure. He attributed 
the difference between his results and those from Pourtois (1966), to specific 
differences in the two types of rodents employed. 
The results of the present investigation showed that in the expiants dissected 
on, or after day 15 of gestation, the palatal processes in general achieved fusion. 
This result is in agreement with the one reported by Pourtois (1966). On the 
other hand the present findings differ from his, as some fusions were obtained 
in our study in 14 day old expiants. This can be related with the incomplete 
knowledge of the time of conception of our rats. However, the histological 
findings lead to the assumption that at least at the cellular level the processes 
of 14 day old expiants were capable of fusing with each other after 24 hours of 
incubation. Furthermore, in some of the longer incubation experiments the 
processes were found to be in contact with each other or epithelially fused in 
some areas, or were found to be in the stage of fusion with the nasal septum. 
Another fact that renders support for our assumption is that the 14 day old 
processes were found to have increased considerably in their horizontal length 
towards each other. 
A possible reason why the process did not achieve fusion at this age in the 
majority of the cases might be the big gap between the two processes which 
was difficult to fill even after an incubation period of 72 hours. Also, in the 
meantime, the enclosed nasal area appeared to have grown considerably in 
lateral and oral directions, thereby not allowing the processes to reach each 
other. 
The difference between our observations and those of Pourtois (1966) could 
be due to the difference in method of dissecting the expiants. Pourtois (1966, 
'68) and Vargas (1967, '68) dissected the left and right palatal processes in two 
separate parts from the embryos and explanted them together on culture media 
facing each other in close proximity. This differs in many aspects from the 
technique of Moriarty et al. (1963), employed in the present study, where the 
processes stayed attached to the maxillary area. The effect of surface tension 
in approximating the processes is diminished in that way. The method used by 
us has the advantage of corresponding more to the situation in vivo. The devel-
opment of the processes towards each other, and the subsequent fusion, is well 
comparable. In the experiments of Pourtois (1966, '68) and Vargas (1967, '68) 
the first factor was missing and regarding the second one, surface tension played 
a helping role, as reported by Pourtois (1966). 
It must be remarked here that the comparison of our findings with those 
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obtained by others, is subjected to certain limitations due to differences in the 
methods of dissection and the strains of rats used. 
Moriarty et al. (1963) found different patterns for the approximation of the 
palatal processes in vitro and in vivo. In their in vitro experiments, they observed 
that the palatal processes approximated first in the posterior region and then 
in the anterior and middle regions. But the fusion itself first started in the an-
terior region when examined microscopically. 
Also Reeve et al. (1966) found, by employing the time-lapse photographic 
technique, that the palatal processes approximated first posteriorly in the ex-
plants dissected from 14 day old rat embryos. Since they did not specify the 
strain of rat or method of noting the day of conception of the female rats, their 
findings could not be carefully compared with ours. 
Our findings are well comparable and in agreement with those of Moriarty 
et al. (1963). The explants, examined macroscopically after 24 to 72 hours of 
incubation, showed the processes to be in contact with each other in the poste-
rior region or in some specimens more or less at the same time in the anterior 
region. This finding is contrary to our observations of 15 and 16 day old em-
bryos in vivo. There, the processes achieved approximation and fusion first in 
the middle third of the anterior region and from there it progressed anteriorly 
and posteriorly. 
The different initiation pattern of the approximation in the in vitro and in 
vivo experiments may be explained as due to the absence of the tongue in the 
cultured material. In vivo the lowering of the tongue started in the anterior 
region with a simultaneous change in the position of the palatal processes from 
vertical to horizontal. This pattern allowed the processes to assume contact 
first in the anterior region. In the in vitro experiments the tongue was removed 
in the posterior region at an earlier developmental stage and a premature hori-
zontal position of the palatal processes was established. 
It is remarkable that the cellular fusion started not in the area where the first 
contact was made, but in the anterior region, as was the case in the in vivo 
situation. This leads to the assumption that the first site of fusion is dependent 
on inherent information available to the palatal processes. 
It was also noted in the in vitro experiments that the fused palatal processes 
had a flat oral surface in the posterior region. This is different from the obser-
vations in the in vivo experiments where the processes showed a concave oral 
surface in that area. This difference is probably also due to the absence of the 
tongue in the in vitro experiments. It is not unlikely that the tongue plays an 
active part in the moulding of the shape of the palatal processes. This remark 
can be substantiated by the results of in vivo experiments where the tongue was 
found to have followed the contours of the palate and other oral surfaces, both 
before and after the fusion. 
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An interesting finding found both in the in vitro and in vivo experiments is 
the presence of a mesenchymal condensation in the medial third of the palatal 
processes prior to and during the mesenchymal fusion. 
Several mitotic figures were observed in the midline epithelium of the palatal 
processes and the nasal septum. Konegni et al. (1965) also reported the presence 
of mitotic figures in the midline epithelium. Barry (1961) stated that an actively, 
high rate of proliferation of the epithelial cells in the midline is also a possible 
etiologic factor in the production of the cleft palate. The findings of Chapter IV 
do not support this observation, as the mode of the produced cleft palate was 
found to be different in our experiments. The observations of Barry (1961) may 
well be true for the abortus human embryos he studied. 
Moriarty et al. (1963) and Konegni et al. (1965) reported degeneration of the 
epithelium of the enclosed nasal chamber after culturing. Contrary to this, the 
specimens of the present investigation showed several mitotic figures in the 
nasal epithelium. 
Summarizing, it may be said that the potentiality of the palatal processes to 
fuse in vitro depends on two mam factors: a. the age of the embryo at the time 
of dissection of the expiants, and b. the time of incubation provided for the 
expiants. 
The main conclusions drawn from the experiment discussed in this chapter 
are: 
The palatal processes are able to fuse in vitro. 
The palatal processes prior to the fusion with each other approximate first 
in the posterior region and later, or at the same time, in the anterior region. 
This finding is contrary to the one observed in the in vivo experiments. It 
is suggested that the tongue plays an important role in this phenomenon. 
Contrary to the initial site of contact of the palatal processes, the fusion 
at the cellular level commenced in the anterior region as observed in vivo. 






V-1. Photographs of the same 
explant, showing the fusion of 
the palatal processes on a 
longitudinal basis. 
a. Expiant of a 15.16 day 
old normal rat embryo ( M-5). 
Incubation period о hours. 
Note the unfused palatal pro­
cesses. X 22. 
b. The same explant (M-5) 
after an incubation period of 
48 hours. The palatal process­
es are in contact with each 
other. Note the opaque ap­
pearance of the expiant. X 22. 
с. The same explant (M-5) 
after an incubation period of 
72 hours. The palatal process­
es are in contact with each 
other over a larger area of the 
palate than in the previous 
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-2. у4 typical example of an explant showing all the stages of palatal fusion in vitro. 
a. Expiant of a 15.9 day old normal rat embryo ( M-ç) after an incubation period of 72 hours, frontal section. The 
palatal processes are in epithelial contact with each other. Haematoxylin-eosin. X 150. 
b. The same explant (M-ç). Frontal section slightly posterior to the previous one. The palatal processes are in contact 
with each other. The union is of one epithelial strand. Haematoxylin-eosin. X 150. 
c. The same explant (M-ç). Frontal section cut through the posterior region of the palate. Note mesenchymal fusion 
of the palatal processes. Haematoxylin-eosin. X ¡$o. 
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V-3. Photographs of the same 
expiant, showing fusion of the 
palatal processes on a longi­
tudinal basis. 
a. Expiant of a 15.9 day old 
rat embryo (M-24). Incuba­
tion period о hours. Note the 
unfused palatal processes; 
they are nearest to each other 
in the posterior region of the 
palate. X 22. 
b. The same expiant ( M-24) 
after an incubation period of 
24 hours. Note the gap be­
tween the palatal processes. 
X 22. 
c. The same expiant (M-24) 
after an incubation period of 
48 hours. Note the contact of 
the palatal processes in the 
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V-4. Expiant of a 16.g day old normal rat embryo after an incubation period of 72 hours, 
frontal section. The midline fusion of the palatal processes is indicated by arrows. Note that the 
shape of the palate is similar to the normal one in vivo. Haematoxylin-eosin. X 150. 
V-5. Expiant of a 14.16 day old normal rat embryo after an incubation period of 72 hours, 
frontal section. The midline fusion of the palatal processes is indicated by arrows. Toluidine 
blue. X 150. 
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CHAPTER VI 
IN VITRO DEVELOPMENT OF THE PALATAL PROCESSES 
OF EMBRYOS FROM DRUG TREATED MOTHERS 
INTRODUCTION 
The results obtained in Chapter IV indicated that two main factors may play 
an important role in the artificial production of cleft palate in Wistar albino 
rats: a. the approximate 24 hour delay in the change from vertical to horizontal 
position of the palatal processes, and b. the continued presence of the tongue 
between the medially inclined palatal processes on day 16 of gestation. These 
factors were associated with retarded downward growth of the nasal septum, 
decreased downward and forward growth of the mandible, maxillo-mandibular 
ankylosis and microstomia. It was suggested that one, or more, of these phe­
nomena acting together can prevent the lowering of the tongue, and thereby 
not allowing the palatal processes to assume a horizontal position. 
The study of the cleft palate in vivo presented three important questions : 
a. did the palatal processes loose their tendency to become horizontal on 
day 16 of gestation in embryos of drug treated animals? 
b. were the palatal processes of normal composition, or was the persistent 
presence of the tongue between the processes on day 16 of main importance? 
с did the palatal processes loose their potency for fusion? 
The in vitro findings of the previous chapter provided another method to 
investigate whether or not the palatal processes of embryos of drug treated rats 
will fuse in vitro. The findings also led to new information regarding the mode 
of normal palatal closure. It was felt that among other things the above men­
tioned questions could be studied meaningfully by in vitro experiments. 
The main purpose of the investigation described in this chapter was to study 
in vitro: 
a. the effect of the treatment with vitamin A and Dexamethasone on the 
palatal processes, and 
b. whether the occurrence of cleft palate is primarily due to the action of 
the drugs on the palatal processes and/or due to other factors. 
MATERIAL AND METHODS 
A total of 51 expiants were dissected from the embryos of 17 pregnant Wistar 
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TABLE vi-1. In vitro fusion of palatal processes from embryos of vitamin A treated mothers 
























































TABLE vi-2. In vitro fusion of palatal processes from embryos of Dexamethasone treated 
mothers 
























































albino rats. The mothers had been treated with either vitamin A or Dexame-
thasone. 
Out of these 17 pregnant rats 9 had received 40.000 I.U. of vitamin A once 
a day from day 10 to 13 of gestation. The remaining ones were given 0.5 mg 
of Dexamethasone twice a day from day 9 to 12. The rats were sacrificed on 
day 15.16 under sterile conditions as already mentioned in Chapter II. Twenty-
seven embryos from the vitamin A group and 24 embryos from the Dexame-
thasone group were used. The normal expiants of the experiment underlined 
in the previous chapter cultured on day 15.16 served as controls. 
The duration of the culturing period varied as shown in Table VI-i and 2. 
It was extended to 8 days, because no marked changes occurred in the first 
72 hours. 
Photographs of some expiants were taken with an interval of 24 hours. The 
expiants were studied both macroscopically and microscopically. 
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FINDINGS 
a. Macroscopic findings 
Vitamin A group (Figs VI-1 a, b, c): On the fourth day of incubation some 
movement was noticed in the posterior region of the processes and in one ex-
plant contact was observed. After the 4th day more expiants were found show-
ing approximation of the processes. On days 7 and 8 contact was also present 
in the anterior region of a few expiants. 
After 48 hours of incubation the expiants were cloudy in appearance, the 
other features were similar to the ones already reported in Chapter V. 
Dexamethasone group (Figs Vl-fa, b, c):The cultured processes of the Dexa-
methasone group did not show appreciable growth of the palatal processes in 
the 8 day incubation period. In the beginning the palatal processes were small, 
as was the case in the vitamin A group, but here the gap remained in general 
the same. Only 2 expiants out of 24 showed a slight movement at the posterior 
end. 
b. Microscopic findings 
Vitamin A group (Figs VI-2; 3; 4a and b): No fusions were observed till the 
third day of incubation (Table VI-1). An extended incubation period resulted 
in a number of fused palatal processes. On the 8th day of incubation 6 processes 
out of 8 showed either epithelial or mesenchymal fusion. Out of a total of 
27 expiants from 15.16 day old embryos, incubated for varying periods of time, 
7 showed mesenchymal and 7 epithelial fusions. 
The overall histological examination showed relatively more degeneration of 
the mesenchyme in comparison to the control series, and the palatal processes 
appeared to be smaller after 3 days of incubation. On the other hand, the nasal 
septum appeared to be relatively bigger in all the fused or unfused incubated 
expiants. 
Before the 4th day of incubation all expiants showed a gap between the pro-
cesses. The epithelial lining of the palatal processes was 2 to 3 cell layers thick, 
and in some older expiants at the medial border it was 3 to 4 cell layers thick. 
The underlying mesenchyme in the medial third of the palatal processes had 
fewer cells than the normal. The cell density was almost normal in the mid-
dle and lateral regions of the palate. The epithelium and the underlying 
mesenchyme of the enclosed nasal area showed the same characteristics as 
seen for the palatal processes. 
From the 4th day of incubation several expiants showed varying degrees of 
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fusion, increasing with the time of incubation. Several 7 or 8 day old expiants 
exhibited both epithelial and mesenchymal fusions and areas of non fusion, as 
was observed in the control series at the third day. The fusions were mostly 
seen in the posterior and anterior areas. 
Prior to fusing with each other the epithelium of the processes was 3 to 4 
layers thick. This was different from the control series where the epithelium in 
the fusion area was only 1 to 2 cell layers thick. The underlying mesenchyme 
in the medial third of the palatal processes showed less cells than the control 
series but more than the unfused processes. 
Several mitotic figures were seen in the epithelium of the palatal processes 
and nasal septum prior to their fusion with each other (Figs Vl-4a and b). 
Dexamethasone group (Fig. VI-5d): Only 2 palatal processes from 24 cultured 
expiants obtained epithelial fusion (Table VI-2). 
The overall picture was entirely different from the control series and the vita­
min Λ group. No mesenchymal fusions were seen. Only in 2 expiants the pro­
cesses had fused with each other epithelially in a small area. Excessive degener­
ation of both epithelial and mesenchymal cells was noticed, particularly in 
the expiants incubated for longer periods. 
The processes had a stunted appearance. The epithelium was at some places 
4 to 5 layers thick. The underlying mesenchyme was scarce and undifferen­
tiated. 
The epithelium of the nasal septum appeared less affected than the palatal 
processes. In places it was also of 4 to 5 layers thick where only 1 or 2 layers 
were seen in the control series. 
INTERPRETATION OF THE FINDINGS 
In the present experiment the palatal processes in expiants from embryos of 
vitamin A treated mothers did not fuse on the 3rd day of incubation. However, 
when incubated for longer periods, they showed the ability to fuse. 
From this finding it may be concluded that the palatal processes were affected 
prior to the explanting procedure due to the teratogenic action of the drug. The 
fact that fusion in vitro took place in some specimens may have to do with the 
absence of the tongue and the elimination of the lateral growth effect of the 
head. 
The palatal processes from the Dexamethasone treated group - as a rule - did 
not show any growth or tendency to fuse in vitro. The tissues were affected 
directly by the administration of the drug to the pregnant rats. 
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DISCUSSION AND CONCLUSIONS 
Since, to our knowledge, no comparable study has been carried out, the dis-
cussion will be limited to the findings of the present chapter and those of the 
previously reported chapters. 
An interesting finding was that the palatal processes from the vitamin A 
group did not show growth during the first three days of incubation. After 
that, changes took place, and in many cases fusion occurred in vitro. These 
observations can with some reservation be transmitted to the findings of the 
in vivo vitamin A experiments reported in Chapter IV, where an approximately 
24 hour delay in change from a vertical to a horizontal position of the palatal 
processes was found. When these processes did become horizontal, they were 
found to be malformed and the gap between them increased with age. The 
present findings show that in vitro the palatal processes in the vitamin A group 
still maintained or could develop their potency for fusion. It is most likely that 
the continued increased growth of the head in the lateral direction in the in 
vivo experiments prevented the establishment of contact of the two processes, 
so that fusion could not occur. 
The histological picture showed some changes in the processes in the vita-
min A group during earlier periods of incubation, in comparison to the control 
series. But as the time of incubation increased a 'catch up' phenomenon was 
noticed and the cellular picture became more similar to the control group. 
Another interesting fact, which was noticed in normal palatal processes both 
in vivo and in vitro, was also seen in the processes of the vitamin A group in 
vitro. This was the presence of mesenchymal condensation in the medial third 
of the palatal processes prior to the fusion. This was found to be missing in 
all the unfused palatal processes, thus signifying its role in achievement of the 
fusion. 
Contrary to the findings of the vitamin A group, the palatal processes ob-
tained from embryos of Dexamethasonc treated rats did not show appreciable 
growth or fusion in vitro. This finding suggests that the palatal processes of 
this group were so severely damaged that they could not grow in vitro. This is 
substantiated by the histological findings where the expiants were found in 
various stages of degeneration, and on the basis of this it may be assumed that 
they loose their potency for fusion. 
The results of the experiments described in this chapter show clearly that 
although hypervitaminosis A and Dexamethasonc both produce cleft palate 
in vivo and almost with similar morphological features, the anomaly is reached 
by two different mechanisms. 
To elaborate these observations further, experiments with cultivating palatal 
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processes in vitamin A and Dexamethasone added culture medium will be des-
cribed in the next chapter. Such experiments should be able to show whether 
both drugs inhibit or retard the development of the processes by a direct or 
intermediary action. 
Summarizing, it can be stated that: 
The palatal processes from embryos of vitamin A treated rats, showed 
delayed fusion in vitro. 
The palatal processes of vitamin A treated groups are capable of fusing 
with each other in vivo, even after a 24 hour delay in the horizontalization 
of the processes but, due to the retarded development of the processes and 
the continued lateral growth of the head, this can not be achieved. 
The palatal processes from embryos of Dexamethasone treated rats, in 
general did not show any appreciable growth and also no fusion. 
The histological picture of the Dexamethasone group material suggests 
that the drug acts directly on the palatal processes leading to cellular de-
generation. 
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VI-1. Photographs of the 
same expiant, showing the 
fusion of the palatal processes 
on a longitudinal basis. 
a. Expiant of a t¡.i6 day 
old rat embryo (T-16), mo-
ther treated with vitamin A 
40.000 I.U.I day from day to 
to 13 of gestation. Incubation 
time 0 hours. Note that the 
palatal processes are nearest 
to each other in the posterior 
region. X 22. 
b. The same explant (T-16) 
after an incubation period of 
4 days. The palatal processes 
are in contact with each other. 
X22. 
с The same expiant (T-16) 
after an incubation period of 
7 days. Note the area of con­
tact of the palatal processes 
is larger than in the previous 




VI-2. Explant of a 15.16 day old rat embryo, frontal section, mother treated with 40.0001. U./day 
from 10th to 13th day of gestation. Incubation period 6 days. Note the persistence of the epithe-
lial cell layers in the fusion line (arrow). Haematoxylin-eosin. X 150. 
VI-3. Expiant of a 15.16 day old rat embryo, frontal section, mother treated with 40.0001. U.I day 
from 10th to 13th day of gestation. Incubation period 8 days. Note the mesenchymal fusion of 
the palatal processes. Haematoxylin-eosin. X 150. 
VI-4a. Expiant of a 15.16 day old rat embryo, frontal section, mother treated with 40.000 
I.U./day from 10th to 13th day of gestation. Incubation period 6 days. The palatal process of the 
right side is not fused with the nasal septum. Note the cell degeneration in the palatal processes. 
The mesenchymal cells from the nasal area can be seen lying between the palatal processes and 
nasal septum. Haematoxylin-eosin. X 150. 
VI-4b. Higher magnification of the outlined area of the nasal septum, showing cells in different 
stages of mitosis. Haematoxylin-eosin. X 490. 
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VI-5. Photographs of the 
same expiant, showing the 
changes of the palatal pro-
cesses on a longitudinal basis. 
a. Expiant of a 15.16 day 
old rat embryo (D-13), mo-
ther treated with Dexametha-
sone 0.5 mg 2X /day from çth 
to ¡2th day of gestation. In-
cubation period 0 hours. Note 
the large size of the gap be-
tween the two palatal pro-
cesses. X 22. 
b. The same explant (D-13) 
after an incubation period of 
4 days. No appreciable de-
crease in the gap between the 
two palatal processes can be 
seen. X 22. 
с The same explant (D-13) 
after an incubation period of 
8 days. Note that the palatal 
processes are still wide apart. 
X 22. 
.# 
d. The same expiant (D-гз) 
after an incubation period 
of 8 days. Frontal section 
through the middle region of 
the palate. Note the palatal 
processes are wide apart. 
Haematoxylin-eosin. X 50. 
CHAPTER VII 
IN VITRO D E V E L O P M E N T OF THE PALATAL PROCESSES 
IN A D R U G A D D E D M E D I U M 
INTRODUCTION 
Since Gaillard (1932) made the first attempt to study the action of a vitamin 
on the skeletal tissues in vitro, various studies have been conducted to analyse 
the direct action of vitamins and hormones on differentiating tissues in culture. 
Organ culture has been widely used for investigations in the fields of nutrition, 
endocrinology and teratology. 
Fell (1956) reviewed several studies on the effect of vitamin A on various 
skeletal tissues in vitro. She concluded that vitamin A has a direct action on a 
wide variety of tissues grown under conditions which preclude indirect effects 
mediated through other systems or organs. 
Other investigations came to the conclusion that excess vitamin A in vitro 
causes rarefaction of bone, accelerates resorption of cartilage (Fell and Mellan-
by, 1952), stimulates mitotis of fibroblastic cultures (Lasnitzki, 1955a, '55b), 
and leads to hypoplasia and some cell hyperthrophy with lobulation of the 
skin (Hardy, 1967). 
Similarly, cortisone, hydrocortisone and related compounds have been stud-
ied. It has been reported that they inhibit the growth of cartilagenous femurs 
(Buno and Goyena, 1955; Whitehouse and Lash, 1961), retard the growth of 
the adult human epithelium and embryonic chick epithelium (Geiger et al., 
1956), and inhibit DNA and polysaccharide synthesis (Reynolds, 1966). 
Recently a few investigations have been presented regarding the direct action 
of drugs on the palatal closure in vitro. Several drugs were found to have an 
inhibitory effect on the palatal closure in rat embryos, e.g. galactoflavin (a 
riboflavin antagonist), 6-aminonicotinamide, excess vitamin A (Myers, 1967; 
Myers and Lee, 1967; Myers et al., 1967a; Myers et al., 1967b), hydrocortisone 
(Lahti and Saxén, 1967) and hypo- and hypervitaminosis A, and hydrocortisone 
(Pourtois, 1968). 
The findings of the previous chapters call for an experiment to find out 
whether vitamin A and Dexamethasone act directly on the palatal processes 
leading to retardation or inhibition of closure. This has been studied in the 
experiment presented in this chapter by adding these substances to the culture 
medium. 
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MATERIAL AND METHODS 
A total of 86 expiants containing the palatal processes were dissected from the 
15.16 day old embryos of 28 normal pregnant Wistar rats. The expiants were 
divided over 3 separate groups of experiments. 
1. Control group: (Table VII-i). 19 expiants were cultured in a medium con­
taining sterile water or ethanol in a concentration of 0.0015 ml/ml. of medium. 
Both water and ethanol were added prior to explanting the tissue. 
2. Vitamin A group: (Table VII-2). 35 Expiants were cultured in a medium to 
which vitamin A was added in the concentrations of 10, 25 or 50 I.U./ml. 
j . Dexamethasone group: (Table VII-3). 32 Expiants were cultured in a medium 
containing Dexamethasone in the concentrations of 0.01, 0.1 or 7.5 μgm/ml. 
Both vitamin A and Dexamethasone were added in their proper concentra­
tions after diluting them with water or ethanol. 
As indicated in Tables VI I-1, 2, and 3, the expiants were incubated for different 
periods. The same culturing medium was employed in the expiants incubated 
for more than 3 days. The histological techniques employed for the present 
experiment have already been described in Chapter II. 
F I N D I N G S 
The findings of the three groups will be described separately. 
a. Macroscopic findings 
1. Control group (Table VII-i): The expiants showed movement and approxi­
mation of the processes after an incubation period of 24 hours. The pattern of 
approximation and other factors were similar to the ones observed in Chapter V 
when expiants were cultured in a normal medium. 
TABLE vii-i. Palatal processes dissected on day ij.ióof gestation and cultured in awater and 
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2. Vitamin A group (Table VII-2; Figs VII-ia and b): Only a slight approxi­
mation of the palatal processes was observed when 10 I.U. of vitamin A was 
added in the culture medium. The processes came in contact in the posterior 
region only in a limited area. In the expiants cultured in media where 25 or 
50 I.U. was added, no appreciable growth of the palatal processes was noticed. 
They appeared after 3 days small and stunted. 
3. Dexamethasone group (Table VII-3): Only 5 expiants out of 32 showed a 
slight approximation of the processes in the posterior region. The majority of 
















































































TABLE VI1-3. Palatal processes dissected on day 
methasone supplemented medium 





















































































the explants, cultured in the media containing o.i or 7.5 μgm did not show a 
noticeable growth of the palatal processes. No appreciable decrease in the gap 
between the palatal processes was observed. Even after an incubation period 
of 6 to 8 days, the processes appeared small and stunted. 
b. Microscopic findings 
1. Control group: Table VII-i shows that 8 expiants out of 10 achieved some 
form of fusion either epithelial or mesenchymal when 0.0015 ml of water was 
added in 1 ml of final medium. Only two expiants did not fuse. 
Similarly, out of a total of 9 expiants, only 2 did not achieve fusion when 
ethanol was added in the strength of 0.0015 ml/ml of culture medium. 
In more than half of the cultured expiants mesenchymal fusions were ob­
tained. Most of the expiants fused after 24 hours of incubation. 
The histological appearance of the both fused and unfused processes was 
similar to the one observed in the normal group of Chapter V. 
2. Vitamin A group (Figs VII-ic and 2): Table VII-2 presents the number of 
fusions or no fusions according to the different amounts of vitamin A added 
to the culture medium. When 10 I.U. was added, only 3 epithelial and 2 mesen­
chymal fusions were obtained out of 12 expiants. These fusions were obtained 
only when the incubation period was prolonged to 6 or 8 days. 
Contrary to these findings is the fact that when 25 or 50 I.U. of vitamin A 
was added, no mesenchymal fusions were obtained and only one expiant out 
of a total of 23 showed epithelial fusion. In both cases the expiants were in­
cubated for varying periods of time to a maximum of 8 days. 
Slight differences were observed in the histological findings of the expiants 
cultured in three different media containing vitamin A in the concentrations 
of 10, 25, and 50 I.U. 
The expiants cultured in a medium having 10 I.U. of vitamin A, showed palatal 
processes with intact epithelium of cuboidal or columnar cells arranged in one 
or two layers. The mesenchyme was found to be slightly dense at the medial 
third of the processes (Fig. VII-ic). Overall, a considerable number of degener­
ating cells were noticed, both in the epithelium and mesenchyme. The area in 
the posterior region, where 3 epithelial fusions were observed, was small. 
The cellular picture of the palatal processes cultured in the presence of 25 or 
50 I.U. of vitamin A was quite different from that of the one mentioned above. 
The epithelial covering of the palatal processes was found to be broken at several 
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places. This degeneration or peeling off of the epithelium was only observed 
at the oral and medial surfaces. The epithelium facing the nasal chamber 
appeared intact but was oedematous. In some instances, the outer layers of the 
epithelium were pyknotic and the inner layers were oedematous. 
The mesenchymal cells were densely populated in the medial third of the 
palatal processes but most of these cells appeared pyknotic or in a degeneration 
stage. The mesenchymal cells in the middle and lateral regions were compara­
tively more healthy. It was also noted that the degeneration of the mesenchyme 
started from the medial area of the palatal processes and progressed laterally. 
Compared to the palatal processes, the epithelium of the nasal septum was 
intact in the majority of the expiants. However it did not fuse with the palatal 
processes. The mesenchymal cells of the nasal septum towards the oral side 
appeared oedematous and were, in some cases, in stages of degeneration. Here 
too, degeneration seemed to have started from the area facing the palatal 
processes. The cartilage of the nasal septum appeared comparatively healthy. 
j . Dexamethasone group (Figs VII-3, 4 and 5): Table VII-3 indicates that when 
0.01 μgm was added in 1 ml of final medium only 4 expiants out of 13 showed 
epithelial fusion. The fusion was limited to a very small area in the posterior 
region. With 0.1 and 7.5 μgm/ml of final medium, only one epithelial fusion 
was observed in 19 expiants. In this group no expiant showing mesenchymal 
fusion was observed. 
The epithelium of the processes cultured in different concentrations of Dexa­
methasone appeared intact and slightly oedematous. At some places it was of 
3 to 4 layers, especially in the medial part facing the nasal septum. The mesen­
chymal cells in the medial part of the palatal processes were considerably less 
in number than in the middle and lateral parts of the processes. With increase 
in the concentration of Dexamethasone, more cellular degeneration was noticed 
in the expiants. 
The nasal septum also appeared affected like the palatal processes. The cartil­
age looked comparatively healthy as observed in the controls. 
INTERPRETATION OF THE FINDINGS 
The palatal processes from 15.16 day old embryos showed in general no fusion 
when they were cultured in media in which different concentrations of vitamin A 
and Dexamethasone were added. The processes cultured in the higher doses of 
both drugs appeared to be severely damaged. The gap between the palatal pro­
cesses remained widely open. The vitamin A added medium led to oedema and 
peeling off of the epithelium of the palatal processes. The mesenchymal cells 
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appeared pyknotic and degenerative, which appeared to have started from the 
areas of the processes facing each other. 
In the media to which Dexamethasone was added, the mesenchyme was 
mostly affected. The medial third of the processes was scarce in cells in com-
parison to the middle and lateral thirds. The cells appeared to be pyknotic. 
The epithelium on the whole was intact, but appeared oedematous when com-
pared with the control material. 
DISCUSSION AND CONCLUSIONS 
The closure of the palatal processes appeared to be normal in the water and 
ethanol added culture medium. This finding is in agreement with Hardy (1967) 
who cultivated embryonic mouse skin in an ethanol added medium of the same 
concentration as ours. She found that it improved the health and growth of 
the expiants. 
Myers et al. (1967b) reported that when vitamin A was added to the culture 
medium, this resulted in a high incidence of failures of processes to fuse. On 
the other hand, they found no difference between the cellular picture of the 
processes of vitamin A group in vitro and their control material. They concluded 
that the failure of the processes to fuse in a vitamin A supplemented medium 
was due to the retarded development of the palatal processes. 
Pourtois (1968) found histopathic effects on the palatal development when 
vitamin A was added to the culture medium. He observed signs of turgor in 
the intercellular spaces of the marginal mesenchyme, detachment of the epi-
thelium from the mesenchyme, or an oedema in the marginal mesenchyme of 
the palatal processes. Still, he reported noticing epithelial fusions to some ex-
tent. 
The findings of the present investigation are in agreement with those of Pour-
tois (1968), as several histopathologic changes were recorded when processes 
were cultured in a vitamin A added medium. The present findings only agree 
with those of Myers et al. (1967b) to the extent that a high incidence of unfused 
processes was obtained and palatal growth was found to be inhibited or retard-
ed. However, our findings do not agree with theirs in the respect that there was 
no difference between the cellular picture of the normal and vitamin A groups. 
We can suggest from our material that the failure of the processes to fuse was 
primarily due to a direct action of vitamin A on the cellular components of 
the palatal processes. 
Lahti and Saxén (1967) studied the effect of hydrocortisone on the closure 
of the palatal processes. They added hydrocortisone to the culture medium in 
concentrations ranging from 0.001 to 20.0 g/ml of culture medium. After in-
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cubating palatal explants from 3 to 12 days, they reported the occurrence of 
complete fusion in all instances, irrespective of the concentration of hydrocorti-
sone in the culture medium. Contrary to this, Pourtois (1968) found that 0.1 
mg/ml of hydrocortisone led to necrosis of the mesenchyme. However, he was 
able to find epithelial fusions in small areas. Smaller concentrations of added 
hydrocortisone led to an oedema in the marginal epithelium. Pourtois stated 
that several palatal processes fused epithelially, but mesenchymal fusion was 
seldom observed. 
The findings of the present study suggest that the Dexamethasone is a very 
toxic substance. This is in agreement with Pinsky and DiGeorge (1965) as they 
stated that Dexamethasone was several times more teratogenic than hydrocor-
tisone and cortisone acetate when given to pregnant mice. The histological 
findings partly agree with those of Pourtois (1968) but the majority of the pro-
cesses in our experiment did not show epithelial or mesenchymal fusions. 
The in vivo findings of Chapter IV and, in vitro findings of Chapter VI and 
those of the present chapter suggest that vitamin A acts directly on the palatal 
processes. 
In Chapter VI it was noted that when palatal processes from vitamin A 
treated rat embryos were incubated for longer periods, that is, up to 8 days, the 
palatal processes showed a tendency to fuse. This phenomenon was not ob-
served in the present experiment. 
The experiments employing Dexamethasone, both in vivo and in vitro, show 
that this steroid acts directly on the palatal processes, by retarding their de-
velopment and leading to cleft palate. The in vitro findings of Chapter VI 
suggest that the action of Dexamethasone is irreversible. This fact is further 
substantiated by the present findings which showed that when added directly 
to the media it causes necrosis and inhibits the growth of the mesenchyme. 
Summarizing, it can be stated that: 
Vitamin A, when added directly to the culture medium, causes oedema 
and peeling off of the epithelium and necrosis of the mesenchyme and 
epithelium both. The majority of the processes appeared stunted or retarded 
in growth and were unfused. 
Dexamethasone when added directly to the culture medium leads to nec-
rosis of the mesenchyme and the processes appeared scarce of mesenchy-
mal cells. Nearly all the cultured processes were small and stunted. The 
majority of the processes did not fuse. 
Vitamin A and Dexamethasone, when added to the culture medium, act 
directly on the palatal processes leading to their necrosis and retardation 





VII-i. Photographs of the same explant showing the effect of vitamin A, supplemented to the medium, on the 
palatal closure on a longitudinal basis. 
a. Expiant of a ¡5.16 day old normal rat embryo (X-9). 10 LU. of vitamin A was added to 1 ml of culture 
medium. Incubation time о hours. Note that the palatal processes are in contact in the posterior region. X 22. 
b. The same expiant (Х-д) after an incubation period of 6 days. Note increase in size of the contact area. X 22. 
c. The same expiant (Х-д), frontal section. Note the epithelial contact of the palatal processes. The epithelial 
lining of both palatal processes is intact. Haematoxylin-eosin. X 150. 
VII-2. Expiant of a 15.16 day old normal rat embryo, frontal section. 25 LU. of vitamin A was added to 1 ml 
of culture medium. Incubation time 6 days. Note the unfused palatal processes and the degeneration of the cells. 
Haematoxylin-eosin. X 150. 
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V1I-3. Expiant of a ¡5.16 day old normal rat embryo, frontal section. 0.01 \igm of Dexamethasone was added 
to the culture medium. Incubation period 6 days. Note that the palatal processes are ¡infused; the epithelial 
lining is not intact. Haematoxylin-eosin. X 150. 
VII-4. Expiant of a 15.16 day old normal rat embryo, frontal section. 0.1 \igm of Dexamethasone was added 
to the culture medium. Incubation period 6 days. Note the degeneration of the epithelial and mesenchymal cells 
of the palatal process; the epithelial lining of the nasal septum facing the palatal process is intact. Haematoxylin-
eosin. X /50. 
VII-5. Expiant of a 15.16 day old normal embryo, frontal section. 7.5 \igm of Dexamethasone was added to 
the culture medium. Incubation period 3 days. Note the degeneration of the epithelial and mesenchymal cells 
of the palatal process, and the nasal septum. Haematoxylin-eosin. X 150. 
CHAPTER Vi l i 
AUTORADIOGRAPHIC STUDY OF NORMAL AND 
CLEFT PALATE EMBRYOS 
INTRODUCTION 
The findings, mentioned in the previous chapters, suggest that vitamin A and 
Dexamethasone produce cleft palate by acting directly on the palatal processes. 
This means that both drugs, when given to pregnant rats, disturb the palatal 
processes of the embryos either at the intra-or/and the intercellular level. Both 
factors in turn may be dependent upon biochemical, genetic, or other inborn 
factors. Others have examined the palatal processes at the intercellular level 
prior to and during the fusion. As mentioned earlier, Walker and Fraser (1956) 
have suggested that an internal force should be present between the palatal 
processes that produces an active elevation of the processes from a vertical to a 
horizontal position, and also should overcome the resistance provided by the 
relatively stationary tongue. Later Larsson et al. (1959), Larsson (i960) and 
Walker (1961) employing 35S-labelled sulphate suggested that elastic mucopo-
lysaccharides containing gels of the mesenchymatous ground substance may be 
the source of the 'internal force'. These authors also reported that a disturbed 
metabolism of sulphated mucopolysaccharides may lead to insufficiency of the 
'internal force', thereby resulting in a failure of the processes to change their 
position and to subsequently fuse with each other. 
The studies employing cortisone acetate as a teratogenic agent for the pro-
duction of cleft palate, suggested that it inhibits the utilization of inorganic 
sulphate in the synthesis of mucopolysaccharides (Larsson, 1962b; Jacobs, 
1964a, '64c, ,64d). Kochhar and Johnson (1965) employed vitamin A as a 
teratogenic agent and concluded that it disturbs the synthesis of mucopoly-
saccharides of the mesenchymatous ground substance of the palatal processes. 
But contrary to the findings of the studies employing cortisone acetate, they 
found the synthesis of sulphated mucopolysaccharides to have increased con-
siderably in the palatal processes of embryos with cleft palate. 
The autoradiographic experiments using -"S-labelled sodium sulphate, were 
undertaken to throw more light on our own findings presented in the previous 
chapters and also on the contradictory findings reported by others regarding 
the role of mucopolysaccharides in the palatal closure and in the production 
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of cleft palate. In these experiments, only vitamin A was employed as a tera­
togenic agent. 
It was also considered meaningful to study the effect of vitamin A on the 
cell proliferation and DNA synthesis. To the best of our knowledge no experi­
ments of this type have been conducted before in the study of the normal 
secondary palate development and in the evaluation of the cause of cleft palate 
production. 
MATERIAL AND METHODS 
According to the material and methods employed, the present experiment can 
be divided into two main groups. 
Group I: 35S-labelled sodium sulphate. 
Group II: 3H-thymidine. 
Group I 
This group consisted of both normal and vitamin A treated animals. The 
pregnant rats were injected with 20 ц С і ^ т body weight of 35S-sulphate on 
days 13, 14, and 15 of gestation. In total 9 vitamin A treated rats and 9 normal 
animals were used. The details are shown in Table VIlI-i. The rats were sacri­
ficed systematically 48 hours after the administration of 35S-labelled sulphate. 
The autoradiographic evaluation was limited to 3 embryos from each rat. The 
details of the histologic and autoradiographic techniques are described in 
Chapter II. 
TABLE VIII-I. Distribution of material for autoradiographic studies employing 3SSO* 
Isotope dose 
Series Embryonic Normal Embryos Vitamin A* Embryos д С і ^ т 
age (days) mothers mothers body wt. 
1 13 3 23 3 20 20 
2 14 3 26 3 21 20 
3 15 3 22 3 18 20 
* Mothers received 40.000 I.U. of vitamin A/day on days 9, 10 and u of gestation. 
Group II 
Tritiated thymidine was injected directly into the amniotic sac of the embryos 
of untreated and vitamin A treated 16 and 17 day old rats. Details are shown 
in Table VIII-2. Series 3 is formed by sham operations. Instead of the isotope, 
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TABLE viii-2 Distribution of material for autoradiographic studies employing ^H-thymidine 
Isotope Killed 
Series Embryonic Normal Embryos Vitamin A* Embryos dose μΟ/ after 
age (days) mothers mothers embryo (hours) 
ι 16 2 6 2 6 15 6 
2 17 2 6 2 6 15 6 
3 16 2 6 2 6 o** 24 
* Mothers received 40 000 I U of vitamin A/day on days 9, 10 and 11 of gestation 
** i s μΐ of saline 
15 μΐ of salme was injected into the amniotic sac of 6 normal and 6 vitamin A 
treated embryos. The rats of this particular series were sacrificed after 24 hours 
I I N D I N O S 
GRÒ UP I The incorporation of 3SS-labe]led sulphate was studied microscopically 
and by evaluating the photographs of the areas pertinent to the experiment. 
Care was taken to photograph the interesting areas of the normal embryos 
and the ones of the treated animals at the same level in the frontal plane. By 
the combination of the microscopic findings and those obtained from the photo-
graphs, an estimate was made regarding the density of the incorporated 35S-
labelled sulphate in the palatal processes and other tissues 
No cleft palates were observed in the normal embryos while all the embryos 
of vitamin A treated animals recovered on day 17 of gestation had their pro-
cesses unfused, stunted, and deformed 
Normal embryos (Figs VIII-i, 3, 5, 7): 
The autoradiograms of the sections of the embryos obtained on days 15, 16, 
and 17 of gestation showed uptake of 35S-labelled sulphate primarily in the 
tissues of the mesenchymal origin. The mesenchymatous ground substance of 
the palatal processes showed a marked incorporation of the labelled sulphate 
in the 16 and 17 day old embryos. Compared to the older embryos the 
labelling was slightly less in the 15 day old embryos. 
For the sake of a more detailed description of the findings of the palatal processes in frontal 
sections, they were arbitrarily divided into three parts medial, the part facing the process of 
opposite side, lateral, the part of the process towards the maxillary area, middle, the part of 
the process between the medial and lateral parts 
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In the 15 and 16 day old embryos, more labelling was observed in the trans­
verse sections in the medial third of the palatal processes than in the middle 
and lateral parts. Such a localization effect was not noticed in the palatal pro­
cesses of the 17 day old embryos. No difference was observed in the uptake of 
35S-labelled sulphate between the anterior and posterior regions of the palate 
in any of the days studied. 
Compared to the palatal processes, the nasal cartilage showed a considerable 
higher uptake of 35S-sulphate (Figs VIII-3 and 7). This effect increased with the 
age of the embryos. 
The areas where labelling was noticed corresponded with the regions where 
toluidine blue metachromasia was observed. 
Embryos of vitamin Λ treated animals (Figs VIII-2, 4, 6, 8): 
Noticeable differences were observed in the uptake of 35S-labelled sulphate in 
the palatal processes of vitamin A treated rat embryos as compared with the 
controls. The palatal processes of the 15, 16, and 17 day old treated embryos 
showed a manyfold increased labelling. 
In the 16 and 17 day old embryos the labelling was more intense in the 
medial part of the palatal processes than in the middle and lateral parts. This 
localization effect was not observed in the 15 day old embryos. The intensity 
of labelling of the nasal cartilage was considerably more as compared to the 
palatal processes (Figs VIII-4 and 8). 
GROUP 11: No cleft palate was observed in the normal embryos injected with 
3
Н-іЬутігііпе or saline water. All the embryos of the vitamin A treated rats 
showed cleft palate. 
To evaluate the cell proliferation and DNA synthesis of the epithelial and 
mesenchymal cells of the palatal processes, the labelled cells and mitoses were 
counted. The labelling index of the epithelium and the mesenchyme of both 
the 16 and 17 day old palatal processes was determined separately. This was 
also done for certain areas of the tongue. 
Normal embryos (Figs VIII 9; 11a, b; 13a, b; 15a, b): 
Considerable labelling was observed both in the epithelium and mesenchymal 
cells of the 16 and 17 day old embryos. In the younger ones, more labelled 
epithelial and mesenchymal cells were noted in the anterior half of the palate, 
than in the posterior one. On day 16 more epithelial cells than mesenchymal 
cells were undergoing DNA synthesis. As compared to the lateral parts of the 
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palatal processes, more labelling was noted in the medial and middle regions. 
Several labelled and unlabelled mitotic figures were found in the epithelial and 
in the mesenchymal cells of the palatal processes The number of grams per 
nucleus ranged from 30 to 40 
The 17 day old embryos showed fused palatal processes The labelled cells 
were counted in the anterior and posterior regions as well as in the center part 
of the palate The mesenchymal cells of the palatal processes were sparse com­
pared to the younger animals The number of grains per nucleus was 20 to30 No 
localized increase in the density of labelled cells was noticed Approximately 
three times more labelled mitotic figures were seen in the tongue epithelium as 
compared to the palatal epithelium The tongue mesenchyme showed compara­
tively few labelled mitoses 
Embryos of utamtn A treated animals (Figs VIII-10, 12a, b, 14a, b, 16a, b): 
The results of vitamin A treated embryos will be described in relation to those 
of the normal embryos 
Both in the 16 and 17 day old embryos the labelling per nucleus was more 
intense This was true for the epithelium as well as for the mesenchyme Com­
pared to the normal embryos, the treated embryos of both age groups presented 
less labelled epithelial and mesenchymal cells The differences tested with the 
Chi-square test were found to be significant in most of the cases (Table VIII-3) 
TABLE ш-з Labelling indices of palatal processes of normal and treated embryos injected 
































3 4 2 
32 1 
2 3 6 
3 1 9 
2 8 8 
3 8 0 
4 0 4 





1 8 7 
2 2 7 
1 2 4 
1 5 З 
1 7 9 
1 6 9 
1 2 8 
9 0 
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6 0 9 
4 55 
1 61 
3 4 8 
5 8 3 




6 0 0 
Probability 
P < 0 02 
P<oo5 
Р<озо 
P < o 10 
P < 0 02 
P < 0 20 
P < o o i 
P-coooi 
P < 0 001 
P < 0 02 
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In 16 day old embryos the epithelium appeared more disturbed than the 
mesenchyme. Contrary to this, in 17 day old embryos the mesenchyme was 
more severely affected. 
In both younger and older embryos relatively little labelling of the epithelium 
and considerable labelling of the mesenchyme was noticed in the medial part 
of the palatal processes, as compared to the more lateral positioned areas. 
No labelled or unlabelled mitotic figures were seen either in the epithelium 
or mesenchyme of the palatal processes. The mesenchymal cells of the palatal 
processes of both younger and older animals were big in size, lying apart from 
each other and relatively small in number. The grains per nucleus were found 
to be 50 to 60. 
In the epithelium and mesenchyme of the tongue, no labelled mitotic figures 
were found. However unlabelled mitotic figures were seen at several places. 
INTERPRETATION OF THE FINDINGS 
The experiments employing 35S-labelled sulphate revealed that its incorporation 
was slightly less in the palatal processes of the 15 day old normal embryos, in 
comparison to the 16 and 17 day old embryos. In the younger embryos the 
incorporation was more in the medial part of the palatal processes, as compared 
to the middle and lateral parts. In the 17 day old embryos more even distribution 
of the label was observed. 
The uptake of 35S-sulphate was considerably greater in the palatal processes 
of embryos from vitamin A treated rats, as compared to the normal embryos. 
The typical distribution of the labelling, as noted in the 15 and 16 day old 
normal specimens, was only observed here in the 16 and 17 day old embryos. 
The significance of these findings will be described in the discussion of the 
present chapter to avoid repetition. 
The findings of the experiments employing 3H-thymidine showed that labell-
ing was more intense per cell in the palatal processes of treated embryos than 
in the controls. These processes showed a smaller number of labelled cells per 
area than the normal ones. 
The findings of the embryos from vitamin A treated rats revealed remarkable 
differences in comparison with the normal ones. The labelling was significantly 
less in the vitamin A treated specimens than in the controls. This holds true 
for both ages studied and for all the compared regions of the palate. This 
finding suggests that the DNA synthesis and the cell proliferation of the palatal 
processes was disturbed in the vitamin A treated embryos. The absence of 
labelled and unlabelled mitotic figures in the palatal processes of treated em-
bryos does support this. 
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Another interesting observation in the treated group was that on day 16 the 
epithelial cells were comparatively more affected than the mesenchymal cells, 
whereas in the 17 day old embryos the mesenchyme was more disturbed than 
the epithelium. 
A comparison of the cells of the tongue with those of the palatal processes 
showed almost no differences in the normal embryos. On the other hand, in 
the treated embryos several unlabelled mitotic figures were seen in the epithe-
lium of the tongue and none in the palatal processes. In the tongue epithelium 
of the normal embryos both unlabelled and labelled mitotic figures were found. 
So it may be concluded that the generation cycle of the epithelial cells of the 
tongue and palatal processes in the treated group was considerably prolonged. 
The total absence of mitotic figures in the epithelium and mesenchyme of the 
palatal processes leads us to believe that the generation cycle of the cells is 
either inhibited or temporarily retarded. 
The findings also showed that vitamin A caused a decrease in the number of 
the mesenchymal cells per area. The individual cells were comparatively large 
in size and had more grains per nucleus. 
DISCUSSION AND CONCLUSIONS 
Dziewiatkowski (1949) demonstrated that radioactive sulphur in the form 
of sulphur is incorporated as ester sulphate into the sulpho-mucopoly-
saccharides of cartilage and other mesenchymal tissues. Since this pioneer 
work, several investigations have been conducted to determine the role played 
by sulpho-mucopolysaccharides in normal and abnormal tissues, both in vivo 
and in vitro. 
A number of factors can influence the sulphate exchange of sulpho-mucopoly-
saccharides. Dziewiatkowski (1951) reported a sulphate fixation in the mesen-
chymal ground substance after treatment of rats with thyroxine, whereas 
cortisone was found to have decreased the rate of uptake (Layton, 1951). 
Boström (1957) reviewing the studies on the sulphur metabolism of sulpho-
mucopolysaccharides in mesenchymal tissues stated that these compounds, 
like most of the other body constituents, are metabolically active. He reported 
that the metabolism of these compounds is influenced by C-avitaminosis, 
cortisone, salicylic acid, and hypophysectomy. 
That mucopolysaccharides play a role in the development of the secondary 
palate was first suggested by Walker and Fraser (1956), on the basis that they 
found metachromasia after toluidine blue staining and network after staining 
with Gomori's aldehyde fuchsin. They concluded that the movement of the 
palatal processes from a vertical to a horizontal position was either due to swelling 
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of the processes by binding of water to hyaluronic acid, or due to the develop-
ment of an elastic network producing a force that could carry the processes 
superior to the tongue. 
Larsson et al. (1959) and Larsson (1962a) confirmed the above mentioned 
observations of Walker and Fraser (1956) but did not agree with their inter-
pretations. Later on, it was suggested that the presence of sulpho-mucopoly-
saccharides before and during the active change in direction of the palatal 
processes gives the ground substance the ability to undergo changes in shape 
of the processes and also leads to the development of force which causes the 
processes to assume a position superior to the tongue (Walker, 1961 ; Larsson, 
1962a). 
Larsson (1962b) reported a decrease in the uptake of 35S-sulphate by the 
mesenchymal tissue of the palatal processes prior to their change in position 
in embryos obtained from cortisone treated mice. He concluded that cortisone 
decreases the synthesis of sulpho-mucopolysaccharides during the period of 
change in the direction of the palatal processes, and suggested it as one of the 
causes of cleft palate. 
Caudino (1954) stated that tissues containing predominantly sulphated 
mucopolysaccharides may have a low content of water, while those in which 
hyaluronic acid predominates are hydrophilic. From the observations of 
Caudino (1954), Jacobs (1964b) concluded that an increase in the hyaluronic 
acid content of the palatal processes leads to edema in embryos obtained from 
cortisone treated mice. He concluded that this disturbance in the water 
metabolism of the processes leads to a decreased cohesion capacity of the palatal 
processes. Later, Jacobs (1967) reported that in mice an access of vitamin A 
produces cleft palate in a similar fashion as cortisone acetate. 
Kochhar and Johnson (1965) reported a considerable increase in the 35S-
sulphate prior to and during the change in the position of the palatal processes 
from vertical to horizontal in normal embryos. Although, contrary to the 
results of Larsson (1962a, '62b) and Jacobs (i964d, '67), they found a conside-
rable increase in the 35S uptake in the mesenchymatous ground substance of 
the excess vitamin A induced cleft palate. 
The findings on the 35S-sulphate uptake of the present experiment employing 
normal embryos are slightly different from those of other investigators. Our 
results did not reveal a remarkable increase in the uptake of 35S-sulphate in 
the mesenchymatous ground substance prior to and during the change in 
direction of the palatal processes. However, an increased uptake of 35S-label 
was noticed in the medial part of the palatal processes as compared to the 
middle and lateral parts of the vertically oriented palatal processes of day 15 
and the horizontal positioned ones of day 16. This observation is in agreement 
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with the findings of our in vivo and in vitro experiments in which a condensation 
of the mesenchymal cells was noted prior to and shortly after the change in the 
position of the processes. 
How far the increase in 35S-uptake plays a primary role in the change in posi-
tion of the processes is difficult to determine with the means employed in the 
present study. 
Our results relating normal embryos may be discussed in the light of the 
explanation given by Larsson (1962a). He stated that the larger uptake of 
35S-sulphate corresponds to the increased synthesis of sulpho-mucopolysac-
charides in the mesenchymatous ground substance of the palatal processes. This 
increased synthesis, in his view, causes a change in the plasticity of the ground 
substance and enlarges its tension, thereby building up a force which makes it 
possible for the palatal processes to change from a vertical to a horizontal position. 
He believed, as Walker and Fraser (1956), that during this period the tongue 
remains stationary and does not play any active role. Particularly on the basis 
of this last remark regarding the tongue, we are obliged to consider his findings 
with reservation as we have shown that the tongue descends down with an in-
crease in size and a growth of the nasal septum and a growth of the mandible 
in a downward and forward direction (Chapter III). 
In our opinion it is difficult to determine the factors playing a primary or 
secondary, direct or indirect role in the change in position of the palatal pro-
cesses. In the later half of the pregnancy of the rat several dynamic processes 
are occurring fast and simultaneously. The closure of the palate is associated 
with a rapid development of the maxilla, mandible, tongue, nasal septum, and 
other surrounding tissues. The isolation of the cause or causes of the change 
in position of the palatal processes is therefore difficult to accomplish. 
Our findings concerning the manyfold increased uptake of 35S-sulphate in 
the vitamin A induced cleft palates are in complete agreement with those of 
Kochhar and Johnson (1965) and contrary to those reported by Larsson (1962b) 
and Jacobs (1964b) who administered cortisone acetate to the mice. Jacobs 
(1967) also worked with excess vitamin A and showed a considerable decrease 
in the uptake of 35S in the non-fused palatal processes. In our material the 
change from a vertical to a horizontal position was observed in all the treated em-
bryos. However, this occurred approximately 24 hours later than normal and 
was not followed by the fusion of the processes. The contradictory findings 
reported here lead us to believe that the increase in the synthesis of sulpho-
mucopolysaccharides is not the only essential factor in the change in position 
of the palatal processes. 
The effect of excess vitamin A on the sulpho-mucopolysaccharides in the other 
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body tissues has also been investigated. However, there too, no uniformity in 
findings and opinions is demonstrated. 
Experiments conducted on skin, employing excess vitamin A revealed an 
increase in the 35S-uptake (Barker et al, 1964; Pele and Fell, i960). On the 
other hand, it has been shown that excess of vitamin A impairs the ability of 
chondrocytes in the articular and epiphyseal cartilage and dermal cells to syn­
thesize sulpho-mucopolysaccharides (McElligot, 1962; Chung and Houck, 
1964). Frape et al. (1959) had already reported that vitamin A deficiency caused 
an increased sulphate uptake into the connective tissue mucopolysaccharides, 
whereas a decrease occurred when excess vitamin A was given. Wolf and 
Varandani (Г960) suggested that vitamin A plays a role in the biosynthesis of 
polysaccharides. Among other things, they showed that a vitamin A destroying 
enzyme lipoxidase can lower or abolish the incorporation of 3 5S into muco­
polysaccharides. 
All the above mentioned studies, frequently showing conflicting results, do 
not offer any explanation regarding the relation of the increase in uptake of 
3 5S and vitamin A produced cleft palate. Kochhar et al. (1968) offered the ex­
planation that the increased uptake of 3SS may be related to the great demand 
for the sulphate created by the presence of heterotopic cartilage in vitamin A 
treated embryos. Their other suggestion was that it may be due to what they 
called 'a direct access' of vitamin A to the embryo as found by Giroud et al. 
(1957). The later explanation is unlikely as Cohlan and Stone (1961), in testing 
this, could not show an appreciable increase of vitamin A concentration in rat 
fetuses. The first explanation is also not substantiated, as the cause and effect 
relationship has not been established. 
The present findings on embryos from normal and vitamin A treated animals 
show that the sulpho-mucopolysaccharides do undergo some changes prior to 
the change in direction of the palatal processes. However, on the basis of the 
present and other investigations no definite statement can be made on the role 
of sulpho-mucopolysaccharides in the change in position of the palatal pro­
cesses. We will limit ourselves to the remark that it is not unlikely that the 
increase in 35S-sulphate prior to the fusion may be a part of an overall increase 
in the synthesis of sulpho-mucopolysaccharides of the mesenchymal tissues of 
the embryo at that particular time. This may not then be a specific characte­
ristic for the proper timed change in direction of the palatal processes leading 
to their ultimate fusion. 
To the best of our knowledge, the experiments employing 3H-thymidine are 
the first ones conducted on experimental cleft palate with reference to normal 
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palatal closure. The results clearly showed that vitamin A causes prolongation 
of the DNA synthesis phase or retardation of the cells to undergo proliferation. 
Marin-Padilla (1966) reported early changes in the mesodermal tissues of 
hamster embryos following hypervitaminosis A wich consisted of shrinkage of 
mesodermal cells and dilatation of the intercellular and vascular spaces. These 
changes, to some extent, were also found in our material where a less number 
of mesenchymal cells per area was observed in the palatal processes of the em-
bryos of vitamin A treated rats. 
Our results can be compared with those of Langman and Welch (1966, '67). 
They administered excess vitamin A to rats during different periods ofpregnancy 
and reported that it caused abnormalities of the neuro-epithelial cells of the 
lateral ventricle of the cerebral cortex. Using tritiated thymidine to study the 
cell proliferation of these abnormal epithelial cells they concluded that excess 
vitamin A interferes with mitosis as well as DNA synthesis. They stated that 
the total generation time of these cells was prolonged by approximately 40%. 
They suggested that vitamin A interferes with the mitosis and the function of 
the cell membranes of the neuro-epithelial cells. In the present study, the ma-
terial that received tritiated thymidine 6 hours prior to sacrifice, no labelled mit-
osiscould be observed in the palatal processes and in the tongue epithelium of the 
vitamin A group, whereas several labelled mitotic figures were noted in the 
palatal and tongue epithelium of the normal embryos. Moreover, we also did 
not observe any unlabellcd mitotic figures in the palatal processes of the vitamin A 
group, whereas in the tongue several such figures were seen. This suggests that 
the palatal processes were more severely affected than the tongue during the 
period investigated. 
Our results in the experiments using tritiated thymidine are further supported 
by the in vitro findings reported in Chapter VII where it was noted that an 
excess of vitamin A in the medium caused a degeneration of the mesenchymal 
cells and also a peeling off of the epithelial cells of the palatal processes. 
Langman and Welch (1967) further reported that the neuro-epithelial cells, 
despite the damage caused to them by excess vitamin A, survived and proceeded 
with their proliferation pattern, though at a decreased rate. The difference in 
period of availability of tritiated thymidine to embryos in our experiment and 
those of Langman and Welch (1967), eliminates a comparison in this respect. 
However, our in vitro findings presented in Chapter VI offer a basis for a 
comment. There, it was shown that the palatal processes of embryos of vita-
min A treated mothers, when cultured for longer periods, do show an ability 
to fuse but one day later than the normal palatal processes. This leads us to 
the assumption that the detrimental effect of excess vitamin A is most marked 
during the critical period of closure. This effect may be partly recovered, but 
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due to the continued lateral growth of the head, palatal processes are unable 
to meet each other for fusion in the in vivo experiments. 
Summarizing, it can be stated that the palatal processes do undergo intercellular 
changes prior to their change from a vertical to a horizontal position However, 
the evidence from our findings and those reported in the literature does not 
allow the conclusion that sulpho-mucopolysaccharides play an essential role in 
the horizontalization of the palatal processes. On the same basis it could not 
be ascertained that a change in the metabolism of sulpho-mucopolysaccharides 
is essential in the production of cleft palate. 
The findings of the experiments with tritiated thymidine, allowed more defi-
nite and remarkable conclusions: 
Comparatively more cellular activity was observed in the medial part of 
the palatal processes prior to and during the fusion of the palatal pro-
cesses of normal embryos. 
The cells of the palatal processes from the treated group showed dense 
labelling and a less number of cells per given area. 
No labelled mitotic figures were seen in the palatal processes of the vita-
min A treated group, as was the case in the normal group. 
In the vitamin A treated group the palatal processes appeared to be 
more affected than the tongue, regarding the cellular proliferation. 
The teratogenic effect was most marked on the epithelial cells of the 16 
day old and mesenchymal cells of the 17 day old palatal processes. 
It has been suggested that vitamin A retards the generation cycle of the 
cells of the palatal processes. It is also suggested that this retarded cellular 
proliferation may lead to the aforementioned delay in change in the posi-
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VIII-i. Normal rat embryo, 15 days. Area from the palatal process. 35S04 was given to the 
mother on 13th day of gestation. Focus is on the particles above the section. Toluidine blue. X 490. 
Ш-2. Rat embryo from vitamin A treated mother, 15 days. Area from the palatal process. 
3 5 5 θ 4 was given to the mother on 13th day of gestation. Note considerably more labelling than 
in Fig. VII I-1. Toluidine blue. X 490. 
Ш-3. Normal rat embryo, 16 days. Area from the palatal process. 3 55Ό4 was given to the 
mother on 14th day of gestation. Note the more intense labelling than in Fig. VIII-1. Toluidine 
blue. X 490. 
VIII-4. Rat embryo from vitamin A treated mother, 16 days. Area from the palatal process. 
ІЪ30І was given to the mother on 14th day of gestation. Note more intense labelling than in 
Figs VIII-2 and 3. Toluidine blue. X 490. 
VIII-5. Normal rat embryo, ¡j days. Area from the palatal process. :>iSOi was given to the 
mother on 15th day of gestation. Note no appreciable increase in labelling compared to Fig. 
ІП-3. Toluidine blue. X 490. 
VIII-6. Rat embryo from vitamin A treated mother, rj days. Area from the palatal process. 
15SOi was given to the mother on 15th day of gestation. Note the considerable more intense 
labelling compared to Figs VIII-4 and 5. Toluidine blue. X 490. 
VIII-7. Normal rat embryo, 16 days. Area from the nasal cartilage. 3iSOt was given to the 
mother on 14th day of gestation. Note the considerable more intense labelling than in the palatal 
process of this age shown in Fig. VIII-3. Toluidine blue. X /50. 
VIII-8. Rat embryo from vitamin A treated mother, 16 days. Area from the nasal cartilage. 
35
 SO i was given to the mother on 14th day of gestation. Note the more intense labelling compared 
to Fig. VIII-7. Also compare it with the labelling in the palatal process of the same age in Fig. 
VIII-4. Toluidine blue. X 150. 
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VIII-9. Normal rai embryo, todays. Area of the palatal process. ZH-Tdr injected 6 hours before 
the sacrifice. Note the labelling of the epithelial and mesenchymal cells andthe general distribu­
tion of the labelling. Haematoxylin-eosin. X 490. 
VIII-10. Rat embryo, vitamin A treated mother, /6 days. Area of the palatal process. SH-Tdr 
injected 6 hours before the sacrifice. Note the smaller number of the labelled cells and the in­
tensity of the labelling. Haematoxylin-eosin. X 490. 
VIII-lia. Normal rat embryo, 17 days. Frontal section, anterior region. 1H-Tdr injected 6 hours 
before the sacrifice. The palatal process is in contact with the primary palate. Haematoxylin-
eosin. X 4Ç. 
Vll l -nb . Higher magnification of the outlined area in Fig. VHI-na. Note the labelling of the 
cells. X 490. 
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Vili-1 га. Ral embryo from vitamin A treated mother, ¡j days. Frontal section, anterior region. 
3H-Tdr injected 6 hours before the sacrifice. The palatal process is in contact with the primary 
palate. Haematoxylin-eosin. X 49. 
VIII-i2b. Higher magnification of the outlined area in Fig. VHl-i2a. Note the intensity of the 
labelling and compare this with Fig. VIII-1 lb. X 490. 
ІІІ-іза. Normal rat embryo, 17 days. Frontal section, anterior region. 3H-Tdr injected 6 hours 
before the sacrifice. Note the fused palate. Haematoxylin-eosin. X 49. 
ІІІ-ізЬ. Higher magnification of the outlined area of the palatal process in Fig. VIH-ija. Note 
the distribution of the labelling. X 490. 
VIII-i4a. Rat embryo from vitamin A treated mother, ¡7 days. Frontal section, anterior region. 
iH-Tdr injected 6 hours before the sacrifice. Note unfused palatal processes. Haematoxylin-
eosin. X 49. 
VIII-i4b. Higher magnification of the outlined area of the palatal process in Fig. VIII-i4a. Note 
the intense labelling and compare this with Fig. VIII-13b. X 490. 
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VIII-l5a. Normal rat embryo, 17 days. Frontal section, posterior region. 3H-Tdr injected 6 
hours before the sacrifice. Note the fused palate. Haematoxylin-eosin. X 49. 
Vlll-I5b. Higher magnification of the outlined area of the palatal process in Fig. VUI-i ¡a. Note 
the distribution of the labelling. X 490. 
VIII-l6a. Rat embryo from vitamin A treated mother, /7 deys. Frontal section, posterior 
region. 3H-Tdr injected 6 hours before the sacrifice. Note the unfused palatal processes. 
Haematoxylin-eosin. X 49. 
VIII-l6b. Higher magnification of the outlined area of the palatal process in Fig. VH/-i6a. Note 
the intensity of the labelling and compare It with Fig. VIII-15b. X 490. 
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C O N C L U D I N G R E M A R K S 
The significance of the findings of the various experiments conducted in the 
present study has already been discussed in detail in the pertinent chapters. 
Therefore, the concluding remarks can be limited to the integration of some 
of the results of the different experiments, and to general aspects related to the 
problems dealt with in the study. 
Several views have been expressed in the past regarding the pathogenesis of 
experimental cleft palate. It has been suggested that disturbance of the 'internal 
force' of the palatal processes (Walker and Fraser, 1957) or in the metabolism 
of sulpho-mucopolysaccharides of the palatal processes (Walker, 1961 ; Larsson, 
1962b; Jacobs, 1964) can lead to the production of cleft palate. 
Besides this, much attention has been focused upon mechanical factors 
assumed to be responsible for the non-closure of the palatal processes. Trasler 
el al. (1956) stated that an increase in the resistance of the tongue against the 
palatal processes leads to cleft palate in mouse embryos. 
Trasler and Fraser (1963) reported that too narrow processes are unable to 
meet each other in the midline, thereby causing a direct inhibition of the fusion 
resulting in cleft palate. Similarly, microstomia, micrognathia, retrognathia, 
and maxillo-mandibular ankylosis, the malformations mostly found to be asso-
ciated with cleft palate, have been pointed out as the causative agents (Asling 
et al., i960; Deuschle et al., 1959; Schwartz and Chaudhry, 1968). It has also 
been hypothesized that the head of the embryos may be too wide, thereby not 
allowing the processes to fuse with each other (Trasler and Fraser, 1963). 
Many of the malformations mentioned above showed up in the embryos 
with cleft palate in the present investigation. However, their mere presence 
does not indicate that they are primarily responsible for the production of cleft 
palate. A coordination of the findings of various experiments employing differ-
ent techniques revealed that the teratogenic agents used in the present investi-
gation cause disturbance in the development of the palatal processes at the 
cellular level. This, in our view, is one aspect of an overall disturbance of the 
embryonic development which was due to the administration of the teratogenic 
drugs. 
The morphogenesis of the craniofacial area is of great complexity. Many 
factors have to interact with each other in a proper balanced way (Van der 
Linden, 1966). It is possible that a disturbance in one of the constituting com-
ponents of the embryo may lead to a malformation that shows up also in other 
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structures. On this basis, it is possible to hypothetize that microstomia, maxillo-
mandibular ankylosis, or other associated malformations may interfere with 
the lowering of the tongue, and, by this, prevent an establishment of contact 
between the two palatal processes. Even, if in that situation the two palatal 
processes were cytologically normal, no fusion could be expected. 
In our study, it became clear that the teratogenic agents affected the cellular 
component of the palatal processes directly, as shown by in vitro experiments 
where the environmental factors, present in vivo, were missing. This was of a 
temporary nature only in vitamin A treated animals. These processes were 
capable of fusing with each other after a 24 hour delay. It was explained that 
this did not occur due to the fact that the continued lateral growth of the head 
had increased the gap between the two processes. 
Further, it may be remarked that the study of the normal secondary palate 
formation revealed that the elevation of the palatal processes occurs while their 
differential growth is taking place. A mesenchymal condensation and marked 
cellular activity was observed with slight bulging of the processes at the inferior 
half of the vertically directed palatal processes prior to the change in position. 
With the elevation of the palatal processes, a simultaneous lowering of the 
tongue, a downward and forward growth of the mandible, and downward 
growth of the nasal septum took place. It may be that at the same time the 
palatal processes are changing their direction, the mandible undergoes a growth 
spurt which displaces the tongue from its position between the palatal pro-
cesses. This growth spurt has also been proposed by others (Asling et al., i960; 
Zeiler et al., 1964). 
The present study does by no means answer all the questions regarding the 
pathogenesis of cleft palate. Various aspects of the normal embryological de-
velopment of the secondary palate and the pathogenesis of induced cleft palate 
have been studied by several techniques, and new findings can be presented in 
both fields. It is suggested here that further investigation may be directed 
towards the role played by the so called associated malformations in the pro-
duction of experimental cleft palate. 
The prenatal development is well balanced and delicate in nature. Many 
environmental disturbances can lead to congenital abnormalities. Studies in 
this field will increase our knowledge of the pathogenesis of congenital malfor-
mations and of the mode of action of teratogenic agents. It may be expected 
that these studies will contribute to the prevention of the occurrence of such 
malformations in mankind. 
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The normal palate and induced 
cleft palate in rat embryos. 
R. Nanda, Thesis, 
University of Nymegen, 1969 
S U M M A R Y 
The purpose of the present study was to investigate the normal embryological 
development of the secondary palate, and to study the pathogenesis of the ex-
perimentally induced cleft palate. The Wistar albino rat was selected as the 
experimental animal and a total of 1534 embryos were studied with different 
methods. 
The first chapter mainly deals with the general aspects and theories regarding 
the normal palatal closure and cleft palate production. The material and me-
thods employed in this work are presented in the second chapter. 
The normal embryological development of the secondary palate has been 
described in Chapter III. A total of 185 embryos were studied for that purpose. 
The findings revealed that the palatal processes undergo slight bulging before 
their change from a vertical to a horizontal position. The change in position starts 
in the anterior region and progresses posteriorly. The fusion takes place be-
tween 16.16 and 17.9 days of gestation and commences in the middle third of 
the anterior half of the palate and progresses anteriorly and posteriorly. The 
palatal processes change their position from vertical to horizontal simulta-
neously with the lowering of the tongue, the downward and forward develop-
ment of the mandible, and the growth of the nasal septum in downward direc-
tion. 
The development of cleft palate was studied after administering Dexame-
thasone, vitamin A, and vitamin A in combination with cortisone acetate. 
(Chapter IV). Cortisone acetate was also used separately but it did not induce 
cleft palate. The drugs were administered in varying doses, on different days, 
and during different ages of gestation. The amounts used, and the obtained 
results are shown in Tables IV-1, 2, 3, 4. The cleft palates produced by different 
teratogenic agents were morphologically quite similar and were usually asso-
ciated with microstomia, micrognathia, retrognathia, syndactyly, open eyes, 
and exencephaly. The combination of vitamin A and cortisone acetate produced 
the most severe anomalies and led to many resorbed sites. 
An almost 24 hour delay in the change in position of the palatal processes 
from vertical to horizontal was noted in the drug treated embryos. The tongue 
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stayed between the processes during this delay. Nearly all the embryos with 
cleft palate exhibited a heterotopic cartilage extending from the maxillary re-
gion to the mandibular area. This cartilage was found to be instrumental in the 
production of maxillo-mandibular ankylosis. It was concluded that a distur-
bance in the palatal processes at the cellular level or intercellular level and 
several other factors namely: microstomia, maxillo-mandibular ankylosis, 
retarded downward growth of the nasal septum, and retarded downward and 
forward growth of the mandible may lead to cleft palate, either acting alone or 
more probably in combination with each other. 
To gain more information on the normal development and the pathogenesis 
of cleft palate, 92 expiants of the area of interest were cultured in an artificial 
environment for varying periods of time. Besides normal material, expiants 
derived from embryos of vitamin A and Dexamethasone treated mothers were 
studied (Chapter V). The results were recorded in three categories: expiants 
showing no palatal fusion, epithelial fusion, and mesenchymal fusion (Table 
V-i). The experiment demonstrated that the palatal processes have the ability 
to fuse in vitro. Relatively more fusions were obtained from expiants cultured 
on or after day 15 of gestation. The palatal processes first approximated in the 
posterior region of the palate. This was explained by the absence of the tongue 
in the in vitro experiments. The cellular fusion, however, started in the anterior 
region, as was the case in the in vivo study. 
The fused palatal processes were found to be slender and different in shape 
from their normal in vivo counterparts. It was suggested that the latter aspect 
may be due to the absence of the tongue. No essential differences were recorded 
between the pattern of cellular fusion of the palatal processes in the in vitro 
and in vivo material. 
In a comparable way as indicated above, 51 expiants from embryos of vitamin 
A or Dexamethasone treated mothers were cultured (Chapter VI, Table VI-i 
and 2). 
The palatal processes from embryos of vitamin A treated rats showed a delayed 
fusion in vitro. The expiants from the Dexamethasone group did not exhibit 
fusion. It was concluded that the palatal processes of embryos of vitamin A 
treated mothers are capable of fusing with each other in vivo, even after a 
24 hour delay in the horizontalization of the processes, but due to the continued 
lateral growth of the head and the retarded development of the processes, this 
could not be accomplished. Furthermore, it was noted that although vitamin 
A and Dexamethasone produce cleft palate with quite similar morphological 
characteristics, the mode of cleft palate production of the two agents was 
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different. Dexamethasone affected the palatal processes permanently, while 
vitamin A did so only temporarily. 
To examine the local action of vitamin A and Dexamethasone on the palatal 
closure in vitro, 86 expiants of normal embryos were cultured in media to 
which one of these drugs, or a control substance, was added in different con-
centrations (Chapter VII, Tables VIII-i, 2 and 3). The results showed that 
vitamin A when added directly to the culture medium causes peeling off and 
oedema of the epithelium and necrosis of both the mesenchyme and epithelium. 
Similarly, Dexamethasone also led to the necrosis of the mesenchymal and 
epithelial cells. Nearly all the cultured processes in the drug added media 
were small and stunted. The majority of the processes did not fuse or show 
any appreciable growth towards each other. Most of the processes of the control 
group did fuse, either epithelially, or mcsenchymally. 
To elaborate the findings of the previous chapters in vivo, autoradiographic 
experiments were conducted, employing 35S-labelled sodium sulphate and 
3H-thymidine, on 78 embryos of different ages from normal and vitamin A 
treated mothers and with varying survival times (Chapter VIII). 
The results of the normal embryos showed a higher incorporation of 35S-
sulphate in the palatal processes at 16 and 17 days, than at 15 days. In the 
younger animals comparatively more labelling was observed in the medial 
part of the palatal processes which was not found in the 17 day old embryos. 
The palatal processes of vitamin A treated embryos showed considerable 
more uptake of 35S-sulphate than the normal ones, and the above mentioned 
localization effect was recorded here in 16 and 17 day old embryos, instead 
of the 15 and 16 day old ones. The present findings were discussed in the light 
of the existing literature on the subject and it was concluded that the role 
played by the metabolism of sulpho-mucopolysaccharides in the change in 
position of palatal processes and in the production of cleft palate is still open 
to question. No decisive remarks could be made regarding this aspect. 
The findings of the experiment employing 3H-thymidine showed some 
remarkable features. It was noted that prior to the fusion more cellular pro-
liferation takes place in the medial part, than in the lateral parts of the palatal 
processes. The labelling of the cells of the palatal processes from the vitamin A 
treated animals was more intense, and less labelled cells per area were observed. 
On basis of the present findings and those of others, it was concluded that 
vitamin A retards the generation cycle of the cells. This disturbance at the 
cellular level is, in our view, a main factor in the retarded development of the 
palatal processes of the vitamin A treated animals. 
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THESES 
I 
In Vitro experiments have opened new horizons in teratological studies. 
II 
Experimental teratology is a valuable means of learning more about the origin 
of malformations and the mechanism of drug teratogenicity. Extrapolation 
from experimental teratology to man is unwarranted unless supported by evi­
dence in man. 
FRASER, F. С , in "Congenital malformations", 277-287, 1964) 
III 
The teratogenicity of a drug depends on the susceptibility of the species, the 
dose, the mode of administration and the stage of embryonic development. 
IV 
Malformations found with experimental cleft palate in laboratory animals 
require more attention regarding their influence in the etiology of cleft palate. 
V 
Transseptal fibers frequently play a role in the relapse of treated orthodontic 
cases. 
VI 
Most orthodontic cephalometric analyses are restricted to skeletal measure-
ments; a combination with a soft tissue analysis gives better possibilities in 
orthodontic diagnosis and treatment planning. 
VII 
By using a Kloehn headgear as much attention should be paid to transversal, 
sagittal and vertical developmental changes, as to the inter-relationship of the 
upper and lower jaws. 
VIII 
Fluoridation of drinking water is now the only feasible answer to most of the 
dental problems. 
IX 
Research is an indispensable tool in graduate education. 
X 
Help to developing countries is mostly ill planned and badly constituted. 
RAVINDRA NANDA Nijmegen, 20 june 1969 
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